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INTRODUCTION 
A continuous process of protein or nitrogen turnover 
consisting of catabolism and anabolism takes place in the 
animal organism throughout its life span. The function 
of dietary protein, therefore, is to supply the amino acids 
in proper amounts and kinds to meet the demands for the 
vital metabolic activities ai}d to provide the basic build­
ing materials for the growth and repair of body tissues, 
A deficit of food proteins afflicts a large portion of 
the world population todsgr* particularly in those under­
developed areas where people receive significantly too little 
or too poor a quality of protein for the support of adequate 
nutrition. As evidence is the wide prevalence of kwashiorkor 
and other syndromes of human protein malnutrition - a situa­
tion complicated today by rapid increases in the world 
population. 
It was pointed out at a conference sponsored by the Food 
and Agriculture Organization of the United lations, the World 
Health Organization, and the Josiah Macy Jr# Foundation in 
June of 1955 that in attempting to establish protein reqiiire-
ments a consideration cf world problems was necessary 
(Elvehjem, 1956), Even thou^  the basic relation of nutrition 
to amino acid intake was emphasized at the conference, it -was 
apparent that workers in practical nutrition were not yet 
2 
ready to shift from a consideration of protein requirements 
to a consideration of amino acid requirements* 
Perhaps this is well at the present stage of nutritional 
history because it is only of late that the coTiplexity of 
the many factors underlying the utilization of atnlno acids 
has begun to be appreciated. Recent studies (Elvehjem, 1956) 
describing the results of imbalance between the components 
of an amino acid mixture illustrate this point. The data 
also raise the question as to what the composition of the 
most physiologically efficient mixture of aiaino acids may be. 
That natural proteins even though they have a high 
biological value may not contain amino acids in the best 
proportions for the maintenance of nitrogen equilibriiiTi in 
the adult organism has been suggested by the work of Clark 
(i960)« She hypothesized that the amino acids present in 
one of the laost nutritionally efficient proteins known, 
i.e., lactalbuiain, could be made more efficient by alterations 
of certain of its amino acids. 
The presesit study was planned to explore this hypothesis, 
Ithree basic laixtures of amino acids were prepared, one of 
which represented the combination of aiaino acids present in 
the lactalbumin preparation tested by Clark. These mixtures 
were so forsiulatad that they contained different proportions 
of the simino acids, methionine, phenylalanine, cystine, and 
tyrosine as well as of the non-essential acids. Factors 
s 
that influence the utilization of amino acid mixtures used as 
the sole source of dietaiy nitrogen were st\idied also, i.e., 
the total nitrogen content of the ration, omission of non­
essential nitrogen, single 7s« mixtures of non-essential 
amino acids, variation in the optical form of certain amino 
acids, variation in the non-nitrogenous portion of the 
ration, and variation in caloric value of the diet. 
It was hoped that the study TO uld oantribute basic 
knowledge leading to a batter understanding of the interrela­
tions of amino acids in establishing and interpreting protein 
requirements. 
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REVIEW OF LITERATURE 
The Reference Protein 
In the experiment herein reported, lactalbuinin was 
chosen as "the reference protein", the original amino acid 
mixture fed being compounded to resemble the amino acid 
composition of this protein as closely as possible. 
That lactalbumin has nutritional properties that make 
it an excellent reference protein has been demonstrated by-
various workers in the field over the years. 
Ability of a protein to promote growth is an excellent 
tool for measuring the nutritional properties of a protein. 
In 1919, Osborne, Mendel, and Ferry studied the nutritive 
value of lactalbumin in terms of its ability to support 
growth in young rats., The superiority of lactalbumin over 
casein for the maintenance of growth was demonstrated during 
an 11-week feeding period. Rats gained approximately 2 gm, 
of body weight per gram of lactalbumin consumed as compared 
with 1.7 gm« for each gram of casein eaten. 
Researchers studying the nutritional value of proteins 
also may use either "biological value" (Mitchell, 1S24) or 
"nitrogen balance index" (Nasset and Ely, 1953), or "biologi­
cal efficiency" (Marshall, 1943, and Brush, Willman and 
Swanson, 1947) as indices of the ability of a ^ ecific 
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protein to maintain body tissue. The last index takes into 
accoiaat, which biological ^ alue does not, the inarked depres­
sions in the excretion of urinaxj nitrogen that may occur 
when proteins of exceptionally high quality are fed following 
an interval on a protein-free diet. 
In a feeding test in 1924, Mitchell fed a diet contain­
ing 3 per cent of lactalbumin® He noted that rats fed the 
lactalbumin-containing diet excreted 5 mg. less nitrogen per 
day in the urine than was excreted in the preceding period 
of low-nitrogen feeding. He did not attempt to explain the 
decreased excretion of xirinary nitrogen induced by the 
incorporation of lactalbumin into the diet or to calculate 
the biological value. However, his data permit the calcula­
tion of biological efficiency, and when they were so treated 
by Metz (1947), lactalbutain received a value of 110. Metg 
also made an intensive study of the biological efficiency 
of lactalbumin when fed to adult rats, and the value she 
recorded was 106. 
Metz also showed that lactalbumin excelled casein when 
evaluated in terms of biological efficiency. It also was 
equivalent in nutritive value to the mixed proteins present 
in dried whole egg and superior to those in certain other 
foods (rice, lyophilized milk, and yeast). 
Tests based on the estimation of biological value also 
show that lactalbumin rates higher nutritionally than certain 
6 
other proteins® ?/h9n protsin was incorporated into test 
rations at the 8 per cent level, Kik (1938) found that 
lactalbuain had a biological value of 81; casein, 69» With 
only 5 per cent of lactalbumin in the ration. Chick ^  al« 
(1955) shoiyed that lactalbumin had a biological value of 92j 
casein, 68. 
Melnick and Cowgill in 1937 reported the results of a 
study in which they evaluated lactalbumin, sarua protein, 
casein, and gliadin ^ ?lth respect to the minimal amount of 
each that was essential for the dog in attaining nitrogen 
equilibrium. Respective biological values ware 100, 80, 75, 
and 33. 
It is interesting that although the superiority of 
lactalbumin over casein has been desionstrated consistently 
in studies in which the rat has been used as the sxperinjental 
animal, a report by Mueller and Cox (1947) comparing the 
relative effectiveness of these proteins for the maintenance 
of nitrogen oquilibrim in man, failed to show this distinc­
tion. This pi^ er is pertinent in that it suggests that there 
is still much to be learned about the utilization proteins 
by different species. 
Thus, on the basis of aiost evidence, it seemed suitable 
to consider the use of lactalbumin as a reference protein 
when the investigations current in t: e Nutrition Laboratory 
of the Home Econosiics Research Department on protein needs 
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and protein utilization were extended to quantitative 
studies of the amino acid requireraents of the ad alt male 
rat for body jsaintenance. 
Amino Acid Replacement of Dietary Protein 
After threonine was isolated and identified as an 
essential amino acid by the g^ o^ 3p working in Rose's laboratory 
(McCoy et al,, 193S-1956), it becarae feasible for the first 
time to induce a favorable state of nutrition in anitoals by 
the feeding of diets containing mixtures of highly purified 
amino acids instead of intact proteins# Rose and his co­
workers were able to induce satisfactory growth in young 
animals by feeding diets containing about 12 per cent of 
physiologically active amino acids as the soxarce of nitrogen 
{Rose, Oesterling, and Womack, 1948). Clark (1950) obtained 
nitrogen equilibrium in adult rats when the ration furnished 
daily 74 mg* of nitrogen derived solely from aaiino acids. 
This amoxaat was essentially the same as that provided by a 
4 per cent lactalbumin diet which supported nitrogen 
equilibrium successfully. Womack and co-workers in 1955 
demonstrated that the adult male rats fed, ^  libitum^  a 
diet containing a mixture of 19 amino acids in a queintity 
equivalent to 3.8 per cent of the diet maintained nitrogen 
equilibrium. 
8 
Certain studies employing the rat as the test animal 
will be reviewed to illustrate the nature of some of the 
problems involved when amino acids represent the sole 
source of dietary nitrogen. 
Role of non-essential acids 
The nutritive roles of the various essential amino 
acids were established by the removal, one by one, from the 
diet of each amino acid (Rose, 1938). It now is accepted, 
generally, that only nine amino acids, namely, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, 
threonine, tryptophan, and valine must exist preformed in 
the diet if growth is to be sustained. The tenth acid, 
arginine, can be synthesized by the rat but not at the rate 
commensurate with the needs of the organism for the attain­
ment of maximum growth {Scull and Rose, 1930; and Borman, et 
al., 1946). Therefore, Rose in 1938 classified arginine as 
an essential amino acid for the rat. He stated in an early 
paper without the submission of evidence that rats grew 
equally well when fed a diet containing nitrogen provided 
either by a mixture of the 10 essential amino acids only or 
by one containing all the components of an intact protein 
(1938). 
Later (1943), Albanese and Irby reported that young rats 
lost weight steadily when they were fed a diet containing 
the essential amino acids as the sole source of dietary nitro­
9 
gen in the approximate proportions that they are foiind in 
casein and in a quantity equivalent to a 14 per cent casein 
diet. 
Subsequent studies at Rose's laboratory (Hose, Oesterling, 
and Womack, 1943) did not support his earlier premise that 
the 10 essential amino acids are adequate for the support 
of growth in the young rat. The divergence in results 
apparently was due to defects in the basal diets eraployed 
in the initial studies. Upon improvement of the basal ration, 
yo'ong rats gained only 79 gm, when they were fed a diet 
containing 10 essential ainino acids as the sole source of 
dietary nitrogen during a 28-day period. The feeding of a 
diet containing 19 amino acids supported a mean gain in 
body weight of 108 gm. The quantities of nitrogen furnished 
by physiologically active amino acids in each diet were 
identical. Hence, the authors concluded that a mixture 
containing 10 essential amino acids was considerably less 
effective than a mixture containing 10 essential and 9 non­
essential acids as the sole source of dietary nitrogen. 
The authors further suggested that the task of synthesizing 
9 non-essential aaino acids simultaneously "appears to 
present too great a burden upon the chemical resources of 
the cells to permit the latter to keep pace with the needs 
of the organism for optimua growth" (p. 758), 
The utilization of aicino acids by adult albino rats has been 
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studied in Cannon's laboratory at the University of Chicago. 
Their investigations are interesting inasmuch as they take 
into account the influence of previous nutritional state on 
the utilisation of the dietary supply of nitrogen# Prasier 
et al« (1947) showed that protein-depleted rats gained 
weight rapidly when they were fed a diet containing a mixtiire 
containing both essential and non-essential amino acids 
simulating the acids present in a reference diet providing 
10 per cent of casein. Rate of gain was equivalent to that 
produced by the feeding of the intact protein diet, Thay 
observed also that food consumption was reduced inuoedlately 
vmen any one of the 9 amino acids essential for rat growth 
(arginine not included) was omitted even though its nitrogen 
equivalent was replaced by glutamic acid. The omission of 
arginine from the ration did not affect weight gain or 
appetite. They obtained the same results when the essential 
acids only were provided. 
Workers from the same laboratory later demonstrated 
that the well nourished adult rat when fed amino acids 
equivalent to a 10 per cent casein diet required only 9 of 
the 10 essential acids for the maintenance of appetite, 
weight, and nitrogen equilibrium {Wissler, et al., 1948). 
Removal of arginine from the essential acid mixtxare produced 
variable depressions in appetite and state of nitrogen balance. 
These workers came to the conclusion that the "non-essential" 
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aaino acids may be considered dispensable. Whether they are 
justified in the view may be questioned. Their rations 
famished auDOut 1500 nig. of nitrogen per day, an amount 
probably three times the requirement for the maintenance of 
nitrogen equilibrium in the adult rat. Sufficient essential 
nitrogen was furnished to permit ^  vivo the synthesis of 
the non-essential acids. Thus, these data do not prove that 
the essential aaiino acids alone, combined as they were in 
this experiment, are capable of maintaining nitrogen equi­
librium when the quantity of total nitrogen provided is 
approximately the minimum amount needed for nitrogen equi­
libria. 
In Swanson*s laboratoxT-, Kuehl (1949) and Clark (1950) 
showed that following the feeding of a diet containing a 
mixture of 18 amino acids patterned qualitatively antd 
quantitatively after those present in one day's feed of the 
reference diet, i.©*, a 4 per cent lactalbumin diet, the 
nutriture of the animals approximated that of rats administered 
the reference diet. Animals fed a diet containing a mixture 
of essential amino acids equivalent to those provided by the 
protein in one day*s quota of a 4 per cent lactalbumin 
passed into severe negative balance. It should be noted, 
however, that the nitrogen administered was quantitatively 
equivalent to only a 2 per cent protein diet. Therefore, 
the data of these authors are not conclusive either. 
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In 1953, Litwack, Williamsj and Elvehjem observed ttiut 
the foimation of za:2.thin0 oxidase in the liver of rats was 
increased markedly ^ sfhen non-essential acids were added to a 
ration containing only essential aaino acids. These observa­
tions are in accord with an earlier statement (Wiiliams and 
Elvehjem, 1950) that liver xanthine oxidase activity is very 
sensitive to amino acid changes in the diet. 
In general, evidence to date seems to be in favor of 
the premise that some source of non-essential nitrogen needs 
to be present if inaximum nutritional benefit is to be derived 
frosi diets containing amino acids as the sole source of nitro­
gen. 
SoiiTce of non-essential nitrogen in diets 
Sin? le aanino acids. Hamasarma e^  al> in 1949 studied 
the adequacy of a pure amino acid mixture for the support of 
growth in rats that was patterned after a zjiixture formulated 
by Woaiack and Kade (1944). Rate of growtib. was very poor 
when essential amino acids only were used as the sole source 
of dietary nitrogen. Addition of glutamic acid produced an 
immediate improvement. A linear relationship was observed 
between rate of growth and the cjiantity of glutamic acid 
provided. Rose, Oesterling, and Womack (1948) also showed 
that glutamic acid was growth-stiraulatory when it was added 
to a ration containing only the 10 essential sraino acids. 
However, its omission from a ration containing 19 amino acids 
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did not reduce the growth rate significantly. 
Whether or not glutamic acid is as effective nutrition­
ally in supplementing the essential amino acid as is a saixturo 
of non-essential amino acids has been debated. Raraasarma et 
al. (1949) observed that the single amino acid enhanced 
growth to le sser extent thsin did a mixture of non-essential 
acids. Frost (1949), however, concluded that glutamic acid 
could replace all of the other non-essential acids in the 
diet of the repleting rat. 
Glycine, according to studies made at Illinois, indicates 
that this aaiino acid can serve as the sole source of non­
essential nitrogen also (Rose, 1949). 
Inorganic nitrogen. Inorganic sources of nitrogen may 
also serve in supplementary capacity to the essential nitro­
gen acids. This fact was demonstrated in 1944 by Hegsted. 
He found that a aiixture of amino acids considered essential 
for the growth of a specific strain of microorganisms was 
not sufficient for its culture unless supplemented with some 
source of inorganic nitrogen. 
It has been shown that the nitrogen required for the 
synthesis of non-essential amino acids in growth processes of 
the rat also may be derived from several sources (Rose, Smith, 
Womack, and Shane, 1949). Ammonium salts and urea are ef­
fective. Urea seems less efficacious than diammonium citrate, 
(Rose et al.. 1949; Lardy and Feldott, 1S50). It is sig­
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nificant, in this connection, that nitrogen .fed as aaimonixia 
citrate or urea exerted the same effect as a raixture of non­
essential acids upon the formation of xanthine oxidase in 
the liver (Williaas and Elvchjem, 1950). 
Quantity of non-essential nitrojBien in diets 
Rose concluded his studies of the amino acid require­
ments of man by determining the approximate anio;ait of nitro­
gen which is required for the synthesis of the non-essential 
amino acids when the diet fuTOishes the 8 essentials each at 
its safe level of intake (Hose and Wixom, 1965)• It appeared 
that ©quilibrixxm could be achieved with rations in which the 
essential amino acids provided 1,9 gm« of nitrogen daily and 
the non-essential 2»0 gm» of nitrogen, i»e», approxiraately 
a Ijl proportion. 
Factors Related to Utilization of Amino Acids 
Utilization of dietary asaino acids is influenced by a 
number of factors. Some of these have been recognized, the 
influence of others is not understood clearly at the present 
time# The requirement for any individual aaino acid may be 
deterKiined by the level of intake of certain other acids. 
It seems, also, that dietary components other than nitrogen 
play an important role in determining degree of amino acid 
utilization. Before the amino acids required by the adult 
15 
male albino rat for body maintenance can be established, some 
of the factors that may influence the utilization of nitro­
gen need to be clarified. Certain of these factors will be 
discussed below. 
Imbalance of amino acids 
It more or less has been conceded that mixtures of good 
quality proteins contain balanced si^ plies of amino acids. 
Elvehjem has written (1956) that rats experience no kidney 
damage even when the ration contains as much as 90 per cent 
of a hl^  quality protein. However, when the dietary protein 
is incomplete, serious results may follow the feeding of 
diets in such proteins. H© believes that as the quantity of 
an inadequate protein in the diet is increased, the require­
ment for certain amino acids increases and the effect may be 
more deleterious than if this protein of poor biologic value 
were used at lower levels. 
It was from observations like these that appreciation 
of the significance of amino acid imbalance developed. The 
idea grew out of early studies on the relationship of trypto­
phan smd niacin in maintaining normal growth and preventing 
pellagra (Krehl, at al., 1946, and 1946a). Then came the 
suggestion of fat in the liver may serve as index of amino 
acid imbalance (Harper, et al«. 1955). The roles played by 
various amino acids in controlling deposition of fat in the 
liver is being studied in many laboratories presently. This 
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review will confine itself to a discxxssion of the effects of 
alterations in the methionine, phenylalanine, and threonine 
contents of a diet on utilization of nitrogen* 
Methionine. In 1947, Brush, Willman, and Swanson showed 
that methionine is the most powerful of the essential amino 
acids In sparing body nitrogen in adult rats partially 
depleted of body stores of the element. Analyses of the 
whole carcass of the experimental animals indicated that 
tissues were degraded to secure this amino acid for the 
synthesis of functional proteins and metabolites needed for 
the support of life. 
Anderson and Combs (1952) studied the effect of methio­
nine and glucose ratios on growth of chicks. It was observed 
that the consmption of feed was greatly reduced when ad­
ditional DL-methionine (3^ ) was added to the adequate basal 
diet. ?&©» chicks were force-fed a glucose-methionine 
mixture, they lost significantly less weight than did the 
chicks force-fed an equal amount of glucose solution. It was 
suggested, therefore, that the slow rate of growth of the 
chicks fed an excess of DL-methionine mi^ t be due to, in 
part, the self-restriction of the feed intake. 
The addition to the diet of excess DL-methionine, how­
ever, appears to affect adversely the growth rate of several 
species. Russell al. (1952) reported that a normal rate 
of growth occurred in white rats when they were fed a diet 
containing the mixture of essential amino acids formulated 
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by Rose and Womack (1945) • The feedixig of extra DL-raethio-
nine, however, induced a retardation of growth, 
Excessive quantities of nethionine in the diet also has 
an unfavorable effect upon nitrogen balance in dogs (Roth 
and Allison, 1S49), This disturbance was counteracted by 
glycine or arginine. 
Wyzan, Kade, and Shepherd (1960) found that the reten­
tion of nitrogen in dogs was enhanced by supplementing casein 
hydrolysates with methionine up to 40 mg, of nitrogen per 
kilogram as methionine# The addition of more than 50 per 
cent of the total asiino acids as methionine resulted in 
serious physical deterioration apparently creat.lng an im­
balance and seriously impairing utilisation of nitrogen. The 
authors did not attribute the effects of the imbalance 
directly to the labile methyl group or sulfur atom since 
excess choline chloride, cystine, and cysteine were fed 
without adverse effect. 
Tucker ai^  Eckstein (1957) and Ghar^ non al, (1938) 
showed that the deposition of lipids in the livers of rats 
fed protein rations deficient in choline was influenced 
adversely by the addition of qystine to the diet. On the 
other hand, methionine exerted a favorable action. 
Considerable controversy had centered around the 
question of whether the lipotropic activity of a protein can 
be ascribed to its content of cystine and methionine. It is 
clear tiiat methionine is the only amino acid that can reduce 
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the concentration of fat in livers of animals fed diets 
deficient in choline (Eckstein, 1952)• 
More recent studies dealing with the role of methionine 
when fed in conjunction with low protein diets have dis­
closed some interesting information. Studies from Elvehjem's 
laboratory {Harper, at al.. 1954) demonstrated that as little 
as 0,1 per cent DL-xnethionine exerted a lipogenic effect on 
rats fed a threonine-low 9 per cent casein diet that was 
supplemented with choline but not with cystine. The accumula­
tion of fat in the liver, however, was appreciably reduced 
by supplementation of the ration with threonine. The authors 
indicated that their reference diet containing 9 per cent of 
casein was primarily deficient in sulfur amino acids. ?Jhen 
methionine was added, the secondary deficiency of threonine 
became evident. It was suggested that the proportions as 
well as the actual quantities of amino acids are of consider­
able importance in respect to the accumulation of fat in the 
liver. This effect is especially interesting since methio­
nine long has been recognized as a lipotropic factor. The 
effect must be separate and distinct from the effect of 
choline aisd the sparing effect of methionine on choline. 
These results are not limited to weanling rats, since a 
similar accumulation of liver fat is obtained with adult 
animals when the level of casein is reduced to £ per cent 
(Harper e^  al*» lS54a). 
Phenylalanine. In 1940, Moss and Schoenheimer, by 
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feeding labelled amino acids showed that the ccciversion of 
phenylalanine to tyrosine proceeded even when high levels of 
tyrosine were fed along with phenylalanine* They also found 
that mice fed a phenylalanine-low birfc othervrise adequate 
diet (tyrosine and other amino acids being supplied in 
adequate amoijBts) converted a smaller proportion of the 
absorbed phenylalanine to hepatic tyrosine than did animals 
fed the diet containing adequate phenylalanine* 
Eier ^  al, (1944) reported that the supplementation of 
DL-phenylalanine at the 5 per cent level exerted an inhibitory 
effect on growth in young rats# On the other hand, large 
amounts of phenylalanine added to a casein diet were me­
tabolized by dogs isrithout any ill effects (?^ yzan, et al., 
1S50). 
Investigators in Slvehjem's laboratory (Benton, et al»« 
1956a> demonstrated that a ration containing 3 per cent D3> 
phenylalanine caused a depression of growth in young rats 
when it was fed in conjunction with a basal diet containing 
9 per cent casein supplemented with tryptophan and methionine# 
The growth depressing effect was completely overcome by the 
addition of threonine# At a higher level of phenylalanine 
intake, threonir®, however, was not completely effective in 
restoring the growth rate. It should be noted also that 
under their experimental conditions the feeding of phenylalanine 
caused a reduction in the concentration of fat in the livers 
whether or not threonine was added to the diet. 
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Threonine» It has been found that threonine is another 
amino acid that is particularly active in determining 
balance or imbalance between amino acids as judged by rate 
of grov7th of rats and deposition of fat in the liver. 
Threonine when added to a basal diet containing 9 per 
cent of casein, 0#2 per cent of cystine, and 0.2 per cent 
choline exerted a depressing effect on growth (Singal, et 
al», 1955 and Ebisuzaki, et al»« 1962), Hepatic fat was 
norcaal. When tryptophan was supplied, growth improved but 
livers contained 14 per cent of fat, ?&en both amino acids 
were added simultaneously the animals grew and hepatic fat 
was maintained at a normal concentration, A comparable 
situation prevailed when a mixture of amino acids provided 
the dJ.etary nitrogen (Singal, et al«, 195Sa) 
These workers believe that hjOrox^ l groups per se do 
not acco unt for the lipotropic action of threonine. It is 
interesting that activity occurs only ^ en choline is present 
In the diet, Ebisuzaki ^  al« (1952) have advanced the 
theory that excess dietary threonine causes an imbalance by 
decreasing the availability of arnino acids in whole casein, 
probably by the inhibition of digestive processes# 
The concentration of fat in the livers of rats fed low 
protein diets containing pork, beef or egg albumin is depen­
dent on the level of dietary protein ishen the rations are 
siappleiaented appropriately ijdth choline, tryptophan, and 
methionine (Winje, Harper, Benton, Boldt, and Elvehjeia, 1954)• 
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The addition of threonine, however, always reduced hepatic 
fat. On ths other hand, excessive deposition of liver fat 
was not observed when fibrin was the dietary protein (6%, 
or 9^ )• It was suggested that maintenance of hepatic 
fat at normal concentrations in rats fed low protein diets 
containing choline "depend upon the presence of a specific 
ratio of amino acids". 
The phenomenon of fat deposition in livers also was 
observed in adult rats by Harper, et al. (1954a), When they 
fed a basal diet containing 5 per cent of casein, well-
noiirished adult rats maintained body weight during a 3-week 
period even though the concentration of fat in the dry liver 
increased to 26 per cent. When the basal diet was supple­
mented with 0,4 per cent DL-threonine, these mature rats 
were able to maintain a normal concentration of fat in the 
liver, i,e., 14 per cent on the dry basis, and gained 22 
in body wei^ t during the e^ cperimental period (3 weeks). 
Threonine also plays a role in repletion diets. Young 
adult male albino rats were rendered hypoproteinemic and 
moderately anemic by the feeding of a low protein but other­
wise adequate diet for a period from two to three months 
(Steffee, e^  ^ *5 1950), A repletion diet deficient in 
threonine induced a rather hi^  concentration of fat in the 
livers. 
Optical forms of amino acida 
The woife of several groups of investigators has shown 
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that the D-isomers of certain amino acids are not utilized 
by the animal organism to the same degree as the L-forms. 
The early stiidies of du Vigneaud, et al« (1932), and Berg 
(1934) showed that D-tryptophan could be utilized as ef­
fectively as the naturally occurring L-tryptophan for the 
support of growth in rats. However, Nasset and Ely in 1953 
showed that under rigidly controlled conditions, adult rats 
required twice as much D- as L-tryptophan to achieve nitro­
gen equilibrium. 
Rose (1949) reported that D-tryptophan coiild not be 
utilized by the adult human male for the maintenance of 
nitrogen equilibrium. 
The reviews by Berg (1942, 1953, and 1965), by Albanese 
(1947), and by Hsuberger (1948) indicate that the rat is un­
able to utilize the D-forms of isoleucine, leucine, lysine, 
and threonine. Valine is partially available and histidine 
more readily so. D-methionine and D-phenylalanine can be 
fully inverted apparently. Data from Hasset anS Anderson 
(1951) suggest that the D-component of DL-methionine is fully 
utilized at or near nitrogen equilibrium but may not be 
utilized at all ishen nitrogen balance is decidely negative. 
The comparative nutritional values of a mixture of 
esserfcial amino acids containing a mixture composed entirely 
of the L-forms of the acids and of one composed of DL-forms 
was determined by Pilsum and Berg in 1950, Both mixtures 
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provided the sane quantities of biological active amino acids 
and supplied twice the minimal amount of essential amino 
acids recommended by Rose (1957) for inducing growth in the 
rat. Eats fed either the mixture of L- or DL- essential 
amino acids grew approximately the same. Growth was retarded, 
however, when the rats were fed a diet containing a mixture 
of DL-essential acids which provided twice the quantity of 
each acid present in the L-acid mixture. Later studies from 
the aarae laboratory (Phillips and Berg, 1954) suggested that 
animal organism might be limited in its capacity to retain 
the I>ajiiino acids or to effect their inversion. 
The author has had occasion to study the relative ef­
ficiency of D- and Irthreonine during the course of the 
present investigation. The studies of Singal, Hasan, 
Sydensticker, and LittleJohn (1953) are, therefore, of special 
interest. These workers foimd that in supplementing a low 
protein diet with threonine, both growth and lipotropic 
properties were characteristic only of the L-form of threo­
nine. The unnatural isomer was entirely without effect. The 
D-form, however, did not interfere with the utilization for 
growth of any of the L-form present. 
Therefore, the physiological availability of the optical 
isomers of the natural amino acids appeared to be an important 
factor in 1±ie evaluation of tlae adequacy of amino acid mixtizres 
for the support of protein nutrition. 
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Barg (1955, p# 581) surmnarizes as follows: 
It is probably fair to say that the D-amino 
acids are somewhat less well utilized laeta-
bollcally because they must first be 
inverted, ,«,they are much more readily 
excreted than are the L-aiaino acids. 
(therefore) Ko clear-cut nutritional inhibi­
tion has been attributed to the D-amLno acids 
in the mammal, as is the case with many 
mi cro organi sms• 
Variation in non-nitrogenous components of the diet 
The protein-sparing effect of carbohydrate is well 
known and was reviewed by Munro in 1951. The addition of 
extra energy in the form of carbohydrate to sub-iaaintenanc© 
diets that contained adequate amounts of protein caused 
proportional improvement ir. nitrogen balance (Miinro and 
Naismith, 1953)# The maximum sparing effect is manifested 
when the protein and carbohydrate are fed at the same time 
(Ge iger et , 1950) • 
It has been observed by several investigators that the 
chick can not utilize various carbohydrates to the same 
extent. Johansson et al« in 1947 showed that the number of 
coliforms in the intestinal flora of hens fed a dextrin diet 
was 10 times that of a hen given a sucrose diet. The authors 
suggested that when dextrin was incorporated in the diets a 
more favorable medium for the bacterial synthesis of vitamins 
was established than was the case when sucrose provided the 
carbohydrate. Anderson ^  (1950) found that the D-trypto­
phan was utilized by the chick to a greater extent when corn 
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was incorporated into the diet than when glucose was used# 
The difference seemed to be the result of a change in the 
bacterial flora in the digestive tract because the nutritive 
value of D-tryptophan was decreased upon the addition of 
sulfasuxidine to the diet, Monson, ^  al« in 1950 demon­
strated that the dextrin ration passed through the gastro­
intestinal tract of the chick more slowly than did one con­
taining sucrose, and allowed time for the intestinal synthesis 
of some unknown factor or factors for the growth of chicks. 
Becker, et al. In 1954 tested the ability of baby pigs to 
utilize various sources of carbohydrates when fed in con­
nection with an adequate diet. All pigs failed to gain any 
weight when they were on a sucrose or fructose regimen. When 
glucose was fed as the dietary carbohydrate, performance was 
veiy satisfactory in terms of survival and rate of growth. 
Later studies from the same laboratory {Becker and Terrill, 
1954) showed that the feeding of diets containing carbo­
hydrates from different sources, namely, glucose, sucrose, 
dextrin, and cornstarch to the 9-week old pigs produced 
equally satisfactory growth. The response, however, was very 
poor upon the feeding of lactose as the dietary carbohydrate, 
A moderate diarrhea was occasionally observed. The severity 
of the adverse effect of the lactose containing diet was 
retarded markedly by the presence of an antibiotic in the 
diet. 
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It has been shoTO also that rats respond differently 
whan fed diets containing carbohydrate from different sources* 
Early studies at Llvehjem*s laboratory (Sanaa, et al,, 1946 
and Elvehjem, 1948) have presented definite evidence that 
increased synthesis of niacin, pyridoxine, biotin, and folic 
acid in young rats occurred when dextrin was used as the 
dietary carbohydrate instead of sucrose. Later studies from 
the same laboratory (Lyman and Elvehjem, 1960) indicated that 
the slower passage of dextrin ration through the digestive 
tract permitted a slower digestion and more economical 
utilization of the other dietary components. The relative 
nutritional efficiency of sucrose and glucose in growing 
rats was investigated by Laaxb in 1950. It was found that 
differences were slight but quite constantly in favor of 
sucrose. 
Harper and Katayama in 1963 showed the influence of 
various carbohydrates on the utilization of low protein 
rations by the young rat, fhe rate of growth of rats was 
much slower when fed a diet containing 9 per cent of casein 
and sucrose as the dietary carbohydrate than when giv&n the 
same casein diet containing dextrin. It is very interesting 
to note that the rats fed the sucrose diet containing 9 per 
cent casein and supplemented with lysine, valine, threonine, 
tryptophan and histidine grew almost at the same rate as 
those receiving the 9 per cent casein diet containing corn­
starch* Dextrin supported growth equivalent to that obtained 
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with cornstarch. 
Evidence has been obtained concerning the protein-
sparing effect of various carbohydrates in adult rats# Womack, 
Marshall, and Parks in 1953 showed that adult rats fed low 
levels of amino acids were in negative nitrogen balance when 
the dietary carbohydrate was sucrose, whereas nitrogen 
equilibrium was attained when the carbohydrate was corn 
dextrin or when the essential amino acid intake was increased. 
These authors also showed that the fat content of the livers 
of the animals indicated that rats receiving sucrose and 
amino acids had more fat in the liver than those fed the 
corresponding diet with corn dextrin. Later studies from 
the same laboratory (Marshall and Womack, 1953) found that 
when the quantities of essential amino acids were doubled 
differences in nitrogen balances were eliminated for both 
well-nourished and protein-depleted animals fed diets con­
taining either dextrin or sucrose. The supplementation of 
glutamic acid increased the nitrogen balance of the animals 
fed sucrose but had no effect on the group receiving dextrin. 
Both well-nourished animals and protein-depleted anim«ils 
responded the same. It is interesting to note that upon 
the feeding of an amino acid diet containing sucrose, the 
well nourished animals contained significantly more protein 
in the livers than those rats on the corresponding diet con­
taining com dextrin. These authors further suggested that 
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dsxtrin present in the diet may aid the transformation of 
protein or ainino acids into liver protein. This then ai/^ t 
reduce nitrogen excrotion and «rhaps prevent the accumula­
tion of fat in the livers, also. 
Variation in the energy value of the diet 
The important bearing of the energy content of a ration 
upon the utilization of protein has been demonstrated by 
several laboratories# If available calories fail to meet 
the demand for energy, proteins are diverted from their 
noinnal roles in the maintenance and synthesis of tissue and 
functional proteins to provide fuel {Beattia, Herbert, and 
Bell, 1948)• 
The experiments of Willman, Brush, Clark, and Swanson 
(1S47) and Swanson (1361) indicated that fats have a greater 
nitrogen-sparing effect than carbohydrates in protein-
deficient rats fed a low caloric diet. These authors found 
that when the diets of partially protein-depleted rats were 
restricted to or below 50 per cent of the normal caloric 
value, catabolism of tissues was accelac'ated to a greater 
degree in rats receiving low-fat diets than in those fed fat« 
In the growing rat and mouse, the critical level of caloric 
value is 80 and 95 per cent, respectively (Bosshardt, et al«« 
1946). 
The effect of the energy value of the ration on nitrogen 
balance in the dog has been studied in Allison's laboratory. 
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Rosenthal and Allison in 1961 reported that when dogs were 
fed diets of low-energy value, their first response was an 
increase in the excretion of urinary nitrogen ^ thout any 
change in the nitrogen balance index of the dietary protein. 
The second response was a decrease in the nitrogen balance 
index reflecting a shift in the mechanisms of nitrogen 
metabolism# Resistance to caloric restriction was correlated, 
in part, with the magnitude of the protein stores of the 
body. Later woi4c from the same laboratory (Rosenthal, 1952) 
showed that nitrogen utilization might be reduced, when 
large amoiints of fat were fed in conjunction with diets 
restricted in calories and protein, thereby confirming the 
work described above, 
Leverton and co-workers in 1951 studied the effect of 
the energy value of the diet on nitrogen utilization in 
young women© They foxind there was a higjhly significant re­
duction in nitrogen excretion when the daily caloric value 
of the ration was increased from 1800 to 2400, The nitrogen 
sparing action of the extra calories was greatest at the 
lowest protein intake. 
Galloway and Spector in 1954 reported that young men, 
normal in weight and nutritional status, lost 12 grams of 
nitrogen daily during fasting and that this protein deficit 
was reduced by supplying 700 protein-free calories. Ko 
further advantage in the sparing of body protein was achieved 
50 
when the energy value of the diet was increased to 2800 
calories daily. The nitrogen balance remained negative 
throxighout {approximately 7 grams). Data also showed that 
the nitrogen balance was not improved substantially when 
protein was fed with food of low energy value. Apparently, 
the protein fed under these conditions was burned largely 
as a source of energy. On a fixed and adequate protein in­
take, energy level was the deciding factor in nitrogen 
balance. With a fixed and adequate energy value of the diet, 
protein level was the detenninant. 
Garcia (1955) raised the question as to when the need 
for calories takes precedence over that for protein at 
minimal intakes of both food energy and protein. It was 
found in the adult female albino rats that nitrogen reten­
tion was increased with increments in dietary protein intake 
when food consuraption was unrestricted. After caloric 
restriction was imposed, nitrogen losses occurred regardless 
of the intake of dietary protein. However, nitrogen 
equilibrium was re-attained within 30 to 35 days of restricted 
feeding. 
Rose ^  al. in 1954 reported that three hiaman subjects 
were able to maintain positive nitrogen iiiien fed diets 
yielding 34 calories per kilogram of body weight daily if 
casein was the sol© source of the dietary nitrogen. The 
Isonitrogenous replacensiA of whole casein by a mixture of 
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aailno acids recognized as components of casein induced 
negative nitrogen balance. Increasing the energy value of 
the diet from 55 to 45 calories per kilogram of body weight 
led promptly to positive nitrogen balance. It seems, there­
fore, that diets fed to human subjects must have a relatively 
hi^  energy value if amino acids provide ttie sole source of 
dietary nitrogen. This observation was xmexpected and dis­
concerting to these investigators. They are unable to offer 
any satisfactory explanation to account for the phenomena# 
They suggest that the rapid absorption of the amino acid 
diet may lead to spillage in the urine or to an accelerated 
catabolism# These workers also advance the idea that perhaps 
"liberation of amino acids from proteins during alimentary 
digestion proceeds in the order and at the rate best adapted 
for their economical use in anabolic reactions" (p* 341). 
Is more energy consumed vifeen amino acids enter tbB circulation 
more or less simxiltaneously? 
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HCPSRIMENTAL PROCEDURE 
Plan of the Experiment 
The present investigation was directed toward an elucida­
tion of some of the factors that may influence the nitrogen 
requirement of the adult male albino rat when piirified amino 
acids provided the sole source of dietary nitrogen. It 
seemed that feeding an assortment of amino acids simulating 
those present in a "pure" protein whose biological efficiency 
was well established offered an interesting and sound 
approach to the studiy. 
Lactalbmln was chosen as the reference protein, Clark 
(1950) already had shown that response of rats to the 
incorporation either of lactalbumin at the 4.27^  level in an 
adequate ration or of a mixture of amino acids equal in kind 
and quantity to those in the lactalbuniin diet was similar 
when measured in terms of nitrogen balance. The mixtijre she 
formulated and variations thereof were used in the present 
experiment• 
Clarices basal mixture consisted of two parts; one con­
taining the essential amino acids only, the other the non­
essential amino acids. The acids present in the essential 
amino acid mixture were equivalent to those in one day's 
feed of the lactalbumin diet and assortment was designated as 
53 
EAA-I» Similarly, the acids in mixture of the non-essential 
amino acids known as NEaA-I, simulated those in the ration 
containing 4^ 27% of the reference protein. It was not 
possible to obtain all the non-essential axaino acids found in 
lactalbuniin. The mixture used contained 7 non-essential 
amino acids. The EA.A-I mixture provided 34 aig. of nitrogen 
per day; the HEAA-I, 40 mg. of nitrogen. Thus, the total 
amount of nitrogen furnished per day was 74 mg., the 
equivalent of that provided by one day^  feed of the *^21% 
lactalbumin diet. 
However, before Clark* s work could be extended, it 
became necessary to re-exaaiine the total over-all adequacy of 
the ration. At the time she conducted her research, rice 
bran polish served as the so\jrce of the imidentified B 
vitamins; folic acid and vitamin 7®"^  available 
for general experimental purposes. However, veiy shortly 
after the present experiment was initiated, production of 
rice bran polish ceased, and it became xsecessary to deteraine 
whether rats responded in the same way to the feeding of diets 
containing folic acid and vitamin as they had to rations 
in which rice bran polish was used. This study of the 
influence of vitamin B^ g and folic acid on the utilization of 
nitrogen constituted Series I of the present investigation. 
Series II was concerned with a stxidy of the influence 
of variations in the nitrogenous components of the ration. 
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i»0«, amino acids, upon the nitrogen utilization. Attention 
was directed to methionine-cystine-phenylalanine-tyrosine 
relations. This investigation was designated as Study A. 
This exploration was based on 5 experiments. In the first 
experiment, the influence of feeding graded doses of the 
mixture of non-essential amino acids (KEAA-I) with the 
inixture of essential amino acids (EAA-I) was evaluated in 
terais of th® increments of cystine sind tyrosine thus provided. 
In the second experiment, the effect of the omission of 
cystine and tyrosine from HBAA-I was deteitained. In the 
third eaperiment of tiiis study, the cystine and tyrosine 
sijpplied by MAA-I were replaced isonitrogenously by methio­
nine and phenylalanine and nitrogen utilization determined. 
This modification of the essential amino acid mixture was 
designated as EAA-II. The total nitrogen of the daily diet 
was kept \.7ithin the nitrogen content of the 4.27% lact-
albumin ration {74 mg, H). In the fourth experiment, 
utilization of nitrogen was observed when graded doses of a 
mixture of non-essential amino acids lacking in cystine and 
tyrosine (HEAA-II) was fed in conjiinction with E/iA-II. In 
the last experiment of this study, the influence of further 
increases in the methionine and phenylalanine content of the 
essential amino acid mixture was eval^ aated. The new mixture 
thus produced was called EAA-IH. 
In Study 3 of Series II, the effect of substituting a 
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single non-essential amino acid for the mixture of 7 non­
essential amino acids was tested when different mixtures of 
essential amino acids were employed. Glutamic acid was 
used as the substitute amino acid. 
In Study C of Series II, the ability of raixtiires com­
posed of the essential aaino acids only to support protein 
nutrition was investigated. 
In Study D, the effect of varying the optical form of 
one aniino acid on the relative efficiencies of two essential 
amino acid mixtures was determined, threonine being chosen 
for this determination. 
Series IH was designed to study the influence on 
protein nutrition of variations in the non-nitrogenous com­
ponents of rations containing amino acids as the sole source 
of dietary nitrogen. In this series, the role plsgred by the 
carbohydrate moiety of the ration was studied, the effect of 
the substitution of cornstarch, dextrose, and sucrose for the 
dextrin in the control diet on nitrogen utilization being 
determined in Stu3y A of th3.s series. In Study B, the effect 
of varying the caloric value of the experimental diet on 
nitrogen utilization was evaluated, the respective rations 
studied providing ^ proximately 65, 50, and 35 calories per 
rat per day. 
Several criteria were chosen to evaluate the efficacy of 
nitrogen utilization under the ejgjeriraental conJitions de*-
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scribed above. Ability of the rats fed the various esperi-
mental diets to establish nitrogen balance was determined 
first. Bases of reference were the rations containing the 
intact reference protein, lactalbumin, and the diet contain­
ing the mixture of amino acids simulating those present in 
1 act albumin. 
However, as indicated in the "REVIEV/ OP LITERATURE", 
nitrogen equilibrium may not represent an adequate measure of 
the state of piwtein nutrition in the adult rat. Hepatic 
nitrogen, hepatic fat, and hepatic moisture also are sensitive 
indicators. The composition of 1±ie liver may digress from 
normal even though nitrogen equilibrium occurs. Therefore, 
it was considered necessary to evaluate the relative protein 
nutrition of the various experimental groups simultaneously 
in teims of body wei^ t, nitrogen balance, and concentrations 
of nitrogen, fat, and moisture in the liver. 
Essperimental Groups 
Thirteen experimental groups were used in the three 
series of experiments described above. Each, when necessary, 
contained an appropriate control group. The number of rats 
in each e3q)eriia3ntal group varied from four to ten. In the 
main, most of the groups contained six animals. 
The groups of experimental animals employed and the 
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diets fed to them are stuamarized in Table 1, the symbol (C) 
after any diet designating a control ration. 
Table !• Eaperimenbal plan 
SERIES I, SVALUATIQM 0? BASIC DIET 
Diet 1: 4«27% lactalbumin diet (G) 
Diet 2i Amino acid diet, SAA-I plus ISEAA-I, 
supplemented ^ th 100 mg« of rice 
bran polish daily (C) 
Diet 3; Amino acid diet, EAA-I plus JIEAA-I, 
supplemented with 8 meg. of folic 
acid daily 
Diet 4: Amino acid diet, EAA-I plus NEAA-I, 
supplemented with 8 meg. of folic 
acid and 0,75 meg, of vitamin B,g 
daily 
Diet 5; Stock ration caistomarily used in the 
Hutrition Laboratory (C) 
SERIES II. IHPLmiGB OF ViiRIilTIOKS IS THS KITROGEHOPS COM" 
PONEM!S OF 1HS DIST 
S5IIDY A: Influence of methionine-cystine-phenylalanine-
tyrosine relations 
S3cperiment One; Effect of feeding graded doses of non-
essential amino acid nitrogen (NEAA-I) in conjunction 
with 34 mg. of nitrogen from essential amino acids 
(EAA-I) per day 
Diet 6; Plus 10 mg. of If from HBAA-I 
Diet 6A: Plus 20 mg« of H from NSAA-I 
Diet 6Bj Plus 30 mg. of N from NEAA-I 
Diet 4: Plus 40 mg. of N from SEAA-I (C) 
Diet 6C; Plus 50 mg. of H from NEAA-I 
Diet 6D: Plus 60 mg. of N from SfEAA-I 
38 
Table !• Continued 
Experiment Twot Effect of omission of either cystine 
or tyrosine from the non-essential amino acid mixture 
when fed in conjrinction with 34 mg« of nitrogen pro­
vided by essential amino acids (EAA-I) per day® 
Diet 4: Pius MAA-I 74 mg. N daily (G) 
Diet 7: Plus KEAA-I minus cystine 74 mg, S 
daily 
Diet Bj Plus KEAA-I minus tyrosine 74 mg. N 
daily 
Experiment Three; Influence of isonitrogenously re­
placing cystine and tyrosine with methionine and 
phenylalanine, respectively, and feeding in conjunc­
tion TiTith essential amino acids, total nitrogen per 
day being held at 74 mg.^  
Diet 4: 34 rag« essential K(MA-I) and 40 mg» 
non-essential K(IiEAA-I) (C) 
Diet 9: 36 mg. essential H(EAA-I) plus 2 mg, 
methionine N) and 38 mg. non-es­
sential ]!l(NEAA-l) minus 2 mg. cystine 
H) 
l^ien either cystine or tyrosine or both were omitted from 
the non-essential amino acid mixture, the remaining non­
essential amino acids were increased proportionately to 
keep the day's supply of non-essential amino acid nitrogen 
at 40 mg. In all cases, the EAA-I mixtxire provided 34 mg. 
of nitrogen per day. 
Cystine and tyrosine provided by NSAA-I were replaced iso-
nitrogenoiisly by methionine and phenylalanine, singly or as 
a pair. The latter siibstitution gave a mixture of essential 
acids, hereafter known as EAA-II and providing 38 mg, of 
nitrogen daily. The mixture of non-essential amino acids 
remaining after the removal of both cystine and tyrosine 
was called NEAA-II, It provided 36 mg. of nitrogen daily 
instead of 40 mg. 
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Table 1» Continued 
Diet lOj 56 mg. essential K(EAA-I plus 2 mg, 
phenylalanine N) and 38 mg# non­
essential NCMEAA-I minus 2 sxg. 
tyrosine K) 
Diet 11: 58 lag. essential K(EAA-II) and 36 mg, 
non-essential K{IiEAA«I minus 2 mg# 
cystine N, minus 2 mg, tyrosine H) 
Exp^ iment Four; Sffect of feeding graded doses of 
skAA-l containing no cystine and tyrosine in conjunc­
tion with 38 rag. of nitrogen provided by a modified 
mixture of essential anino acids (EAA-II®) 
Diet 12: Plus 10 mg. of N from NEAA-II 
Diet 12 A: Plus 20 mg. of N from mkA'TL 
Diet 12B! Plus 30 mg. of H from KEAA-II 
Diet 12C; Plus 40 mg. of N from HSAA-H (C) 
Diet 12D: Plus 50 mg. of N from NEAA-II 
Diet 12Ss Plus 60 mg. of if from NSAA-n 
Experixaent Five; Effect of further increasing the 
methionine and phenylalanine caitents of the essential 
amino acid mlxtvope and feeding 59• 5 mg. of 
nitrogen per in conjunction with non-essential 
amino acids nitrogen provided by graded doses of 
Diet 13! Plus 10 mg, of N from KEAA-II 
Diet 13A; Plus 34.5 mg. of H from KSAA-II (C) 
Diet 13Bs Plus 45 mg. of H from KEAA-II 
®^ he cystine and tyrosine supplied by KEAA-I were replaced 
isonitrogenously by methionine and phenylalanine, respectively. 
The modification of the essential amino acid mixture was 
designated as EAA-II 
b Extra nitrogen, 0.5 and 1.0 rag, provided by methionine and 
phenylalanine, respectively, was added to EAA-II, The new 
mixture was called EAA-III. It provided 59,5 mg. of nitrogen 
per day. 
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Table !• Continued 
Diet ISO! Plus 60 mg. of N from SEAA-II 
STUDY B: Effect of substituting a single non-essential 
amino acid for mixture of seven non-essential 
amino acids and effect of feeding TJdth two dif­
ferent mixtures of essential aiJiino acids, total 
nitrogen per day being held at 74 mg. 
Diet 4: EAA-I(34 mg« K) plus K2.AA-I (40 mg, 
N) (C) 
Diet 14: EAA-I{34 ag» N) plus glutamic acid 
(40 mg» N) 
Diet 15: EAA-II(38 mg. K) plus glutamic acid 
(36 mg« N) 
Diet 180: EAA-II{38 mg. H) plus HEAA-H (40 
K) (G) 
STUDY C: Efficacy of laixtures containing essential amino 
acids only for the support of protein nutrition 
Experiment One: Gompariaon of three mixtures contain­
ing variable amounts of asthionine ard phenylalanine 
at two levels of feeding 
Diet 16: EAA-I providing 34 mg. of K per day 
Diet 16A: EM-I providing 74 mg. of N per 
day (C) 
Diet 17: EAA-II providing 38 mg. of K per day 
Diet 17A: SAA-II providing 74 mg. of K per day 
Diet 18: EAA-III providing 3S.5 mg. of N per 
day 
Diet 18C: EAA-HI providing 74 mg. of N per day 
Experiment T-wo: Effect of feeding EAA-III in quantities 
providing graded doses of nitrogen 
Diet 18: 39.5 mg. of N per day 
Diet 18A; 50 mg. of N per day 
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Table !• Continued 
Diet 18B: 60 mg, of K per day 
Diet 18C: 74 mg» of H per day (C) 
Diet 18Dj 80 mg, of N per day 
STUDY D: Effect of variation in the optical form of one 
amino acid in the essential amino acid mixt\3re 
Bxperinieat One; Effect when essential amino acid 
nitrogen only as present in EAA-I and EAA-II, is fed 
Diet 17; SAA-II containing 0^ 2% L-threonine 
(38 mg. N per day) 
Diet 19; EAA-II containing 0,4^  DL-threonine 
(38 mg. H per day) (G) 
Diet 20: EAA-III containing 0^ 2% L-threonine 
(39,5 mg. K per day) 
Diet 18; EAA-III containing 0,^ % DL-threonine 
(39,5 mg, N per day) (C) 
Experiment Two; Effect ^ e^n dietary nitrogen is pro­
vided by both essential and non-essential amino acid 
nitrogen, EAA-III (39.5 mg. JJ) and NEAA-II{34.5 mg. K) 
Diet 21; EAA-III containing 0,2^  L-threonin© 
Diet 22; EAA-III containing 0,4% L-threonine 
Diet 13A; EAA-III containing 0,4^  DL-threo-
nine (C) 
SERIES III; IKFLPEHCii: OF VARIATION IN THE HOM-NITROGSNOUS 
GOMPOEEKTS OF TEE DIET 
STUDY A; Effect of using different sources of carbohydrate 
in ttie diet containing EAA-III (39.5 mg. H per 
day) and SBAA-II (34,5 mg, K per day) 
Diet 13A; With 67,6^  dextrin (C) 
Diet 23; With 67«5Jfc cornstarch 
Diet 24; With 67,5^  dextrose 
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Table 1. Continued 
Diet 25; With 67o5^  sucrose 
STUDY Bi Effect of feeding the amino acid diet containing 
EAA-III (59.5 mg. K per day) and F£AA-iI (34,5 
tag. N per day), but at different levels of 
caloric intake 
Diet 13A; When 65 calories per day are offered 
(C) 
Diet 26: 'Ji/hen 50 calories per day are offered 
Diet 27: When 55 calories per day are offered 
Experiiaental Animals 
Adult male albino rats approximately six months old 
{24 - 2 weeks) were used. They were Wistar stock, strain A, 
and had been inbred for more than 100 generations by brother 
and sister mating. From the time the rats were weaned at 28 
days of age until the beginning of the esperiment, two 
animals were housed together in pairs in a round wire-meshed 
cage. Th^  were mintained on a stock diet which contained 
approximately 25^  protein. They were weighed weekly. Only 
those animals free from respiratory infections and exhibiting 
normal physical characteristics were used. The animals chosen 
for any experiment were distributed in such a manner that the 
average weights of the animals in the groups making up the 
experiment conformed as closely as possible. In general. 
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only animals weighing 340 - 370 gm. were chosen. Prior to 
the initiation o? the escperinient, the ea^ jsrimental animals 
were transferred into Individual cages for several days in 
order that they might adjust to separate housing. 
Experimental Diets 
The basic diets 
The composition of the protein-free diets used as the 
bases far the formulation of the various rations fed in the 
present e^ 5>eriment is shown in Table 2, The nitrogenous 
component of any ration always was introduced at the expense 
of the dietary carbohydrate in formulae given. Two diets 
were fed at reduced levels of intake in Study B of Series III, 
and the composition of these basic diets, therefore, was 
modified in order that one day*s feed might provide the same 
quantities of Osborne and Mendel salts, ruffex and sodium 
chloride as the diets fed the other experimental groups* 
The butterfat was prepared by melting several pounds of 
butter purchased from the local market. When the butter was 
thoroxighly melted, the milk solids which floated on the top 
were carefully removed by skimtaing. The clear liqtiid was 
filtered tSirough a clean cheese cloth placed in a hot water 
funnel and then stored in a deep freeze until ready for use# 
Tjie basic diet was supplemented with e mixture of 
vitamins believed to be adequate for the maintenance of the 
44 
Table 2« Composition of the nitrogen-free basal diets used 
in Series I, II, and III of the experiment, nitro­
gen-containing components being added at the 
expense of carbohydrate. 
Dietary Series Series III 
component I and 
II: 
Diets 1- Study A Study 5 
22 in­
clusive®' 
Diet Diet Diet Diet Diet 
25 24 25 26 27 
gm. ga. ga* gra. gja* 
Dextrin^  75 WW 71.3 69.8 
Cornstarch® 75 
Dextrose*^  75 m 
Sucrose*^  -- «• 75 >- .. 
Butterfat® 10 10 10 10 9,6 3.9 
Swiftn'ing^  10 10 10 10 9.6 8.9 
0» & salts^  4 4 4 4 S.l 7.1 
Ruffex^  2 2 2 2 2.6 5. 6 
KaClS 1 1 1 1 1.3 1.8 
Total 100 100 100 100 100.0 100.0 
Total calories 472 472 472 472 460 459 
®Except for Diet 5, which was stock ration customarily used 
in ihe Kutrition Laboratory 
F^isher Scientific Co» 
®Peziick & Ford, Inc, 
P^fanstiehl Chessical Co« 
®From butter pijrchased on the local market 
S^wift & Co. 
B^aker Chemical Co* 
O^sborne, T* B« and liSendel, L* B, (1919), J. Biol. Ghem* 
57. 567-601 
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adult rat, the composition of which is given in Table 3. 
The mixture was prepared as described by Clark (1950, p» 97)• 
The daily ojse was 500 mg. A preparation known as rice bran 
polish factor II was first used as a soxirc© of unidentified 
B vitamins• It was replaced, however, after the completion 
of Series I, by vitamin B^ g and folic acid. The vitamin B-j^ g 
was not a part of the vitamin mixture; it was administered 
in traperi t one ally. 
The reference diet 
A preparation of lactalbumin of high quality secured 
froia Harris Laboratories, Division of Bristol-Myers of New 
York was used as the reference protein in the present e3q)eri-
ment. The specific concentrations of 15 of the amino acids 
present in the preparation was determined by means of micro­
biological assay {see Table 4). At the time these assays 
were made, methods were not available for the analyses of 
threonine, alanine, and serine. The respective concentrations 
of these acids in tha reference lactalbximin were estimated 
from data provided by Schmidt (1944). 
It was found that this preparation of lactalbumin con­
tained 12,725 per cent nitrogen, 1.04 per cent ash, and 8.18 
per cent moisture (Kuehl, 1949). Therefore, the nitrogen 
content on the ash-free moisture-free basis was 14.01 per 
cent. This gives 7.14 as the factor for the conversion of 
the Edtrogen valtje to protein. 
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Table 3« Vitairiin supplements added to basal diets# 
Components Allowance per rat per day-
Die ts Diet Diet 
1 & 2 3 4^  
Dry mixture 
Biotin, crystal line® 
Thiamine^  
ryridoxine® 
Riboflavin® 
Ca pantcthsnate^  
Kiacin® 
Ascorbic acid® 
Choline chloride*^  
Inositol® 
Para-amino benzoic acid® 
B:ice bran polish, Factor 
Folic acid® 
Dextrin^  co total weight 
Cod liver oil^  
Alpha*tocopherol solutio^  ^
Vitamin crystalline^  
1 meg. 1 meg. 1 meg. 
40 meg. 40 meg. 40 meg. 
40 meg. 40 meg. 40 meg. 
60 meg. 60 ilJCg. 60 meg. 
100 acg. 100 3iCg. 100 meg. 
500 meg. 500 meg. 500 meg. 
1 mg. 1 mg* •I JL mg. 
5 fflg- 5 mg. 5 mg. 
10 lag. 10 mg. 10 mg. 
10 sag. 10 aig. 10 
II^ lOO mg. 
8 meg. 8 meg. 
of 600 mg. 500 mg« 500 mg. 
50 mg. 50 mg. 50 mg. 
50 mg. 50 mg. 50 ms» 
— — 0, .75 m 
A^fter the completion of Series, this raixture was used 
tlsroughout the courses of the present experiment 
bGeneral Siodiemicals Inc. 
K^utritional Biocheinical Corp. 
?^^ eth inc. 
©Merck & Go. 
'^Borden Co. 
SFisher Scientific Co. 
£^. H. Squibb & Sons 
ipive ©a. of alpha-tocopherol (Nutritional Biocheraical Corp.) 
was added to 528 gm. of Wesson oil. The daily dose of 60 mg. 
of this solution contained 0.76 Tsg. of alpha-tocopherol 
JEli Lilly & Co. 
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Table 4, Amino acids present in lactalb^ jmin as determined 
by microbiological assay^  
Am.no acid Per cent amino acid 
in lactalbumin 
Mg. amino acids 
in 4.27 gm. 
lactalbumin 
Arginine 2.56 109.1 
Histidine 1.65 70.5 
Isoleucine 5.00 213.0 
Leucine 9.71 413.6 
Lysine 7.57 322.5 
Methionine 1.86 79.2 
Phenylalanine 3.29 140.2 
Tryptophan 1.66 70.7 
Valine 5.15 218.5 
Aspartic acid 8.50 362.1 
Cystine 1.82 77.5 
Glutamic acid 14.60 622.0 
Glycine 1.63 69.4 
Proline 4.35 185.3 
Tyrosine 3.08 131.2 
A^nalyzed through the courtesy of Dr, M. S, Diinn, University 
of California, at Los Angeles 
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Early studies (Swanson, et al«« 1948) had demonstrated 
that a synthetic diet containing 5,5 - 4.0 per cent lact-
albiimin protein supported nitrogen equilibrium in the adult 
rat» Clark (1950) had demonstrated that about 4.27 per cent 
of the preparation of lactalbumin used in the present 
experiment supported nitrogen equilibrium. This araoimt of 
lactalbumin preparation, therefore, was used again in the 
reference ration and supplied 3,88 per cent protein. 
Weighed amounts of the dry ingredients of the reference 
diet were tabled carefully on a large sheet of cellophane. 
They were then transferred into a Hobart mixer, the melted 
fat added, and all mixed at a medi-ara speed for 30 niinutes. 
Any fat adhering to the paddle or bowl was scraped into the 
mixture at intervals# 
Analysis showed that the reference diet contained 583 aig. 
of nitrogen per 100 gm., the basic portion furnishing 40 mg. 
of this amount. The reference diet thus contained 642 mg, 
of nitrogen per 100 gm., which was equivalent to 3.88 gm. of 
protein, the quantity initial calculations indicated would be 
present. One day's feed {13 gm.), therefore, contained ap­
proximately 74 mg. of nitrogen provided by lactalbumin 
protein. The selection of 32 gm, as the quota of ration to 
be fed daily, however, was based on the quantity which the 
rat consumed nifeen the reference diet was offered ad libitum. 
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The amino acid-containing; diets 
At the time the present experiment was initiated, 
natural israners of several amino acids were not readi ly 
obtainable. Therefore, DL-forms of several amino acids, i.e., 
isoleucine, laethionin©, phenylalanine, threonine, valine 
alanine, and aspartic acid were used. It has been shown, 
however, that the rat does not utilize both optical isomers 
of certain of these acids equally well. For this reason, 
twice the required amounts of isoleucine, threonine, and 
valine were included in the essential aaino acid rsixtore. 
Uo correction was mad© for DL-foi»nis of methionine, phenyl­
alanine, alanine, and aspartic acid since the rat appears to 
use both optical isomers of these suaino acids efficiently. 
The water present in L-histidine was taken into account in 
the preparation of the mixture. The hydrochloric acid present 
in L-histidine and L-lysine was neutralized by the incorpora­
tion of appropriate amounts of sodium carbonate (see Clark, 
p. 102), 
A report in the literature indicated DL-serine, the 
only form available for general experimental purpose «TOich 
exerted a nephrotoxic effect {Fishman and Artom, 1944). 
Therefore, it was oiaitted from the mixture and replaced iso-
nitrogeitously by glycine, since serine and glycine appear 
to be interconvertible (Goldsworthy, ®t 1949). 
Thirty-seven different mixtures of aaino acids were used 
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in tha present estperiment. The amino acids fed daily, in 
general, consisted of two parts, one containing the essential 
amino acids (3SAA} only, the other, the non-essential amino 
acids (HEAA)» In the basic reference mixture, each part was 
formulated so that its amino acids would be eqml in kitid 
and quantity to those present in one day's feed (15 gm,) of 
the reference diet containing 4,27 per cent lactalbuaiin 
preparation. The composition of this reference mixture is 
shown in Table 5, (Diet 4, made up by EAA-I plus KEAA-I), 
The amino acid mixtures used in making two other basic diets, 
i.e.. Diet 11 containing SAA-II plus HEAA-II and Diet ISA 
containing SAA-III plus 3IEAA-II are shown therein also* The 
total nitrogen provided daily by these three different miz-
tures, was kept within the nitrogen content of one day's feed 
(13 ^ .) Ox the diet containing 4,27 per cent of the lact-
albumin preparation (74 mg, B). The quantity of each individual 
amino acid to be incorporated in an amino acid mixtizre was 
calculated as described by Clark (p. 107, Table 3)» The 
formulae in less detailed form for the remaining amino acid 
mixtiires studies appear in Table 6, 
Before the experiment was initiated, the amino acids 
employed were analysed for their nitrogen concentration# The 
values all were v?lthin a satisfactory range# 
The desired amounts of amino acids were weighed on an 
analytical balance when humidity was relatively low, then 
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Table 5« Conposition of three basal inixfcures of amino acids used in experiiaental diets 
Amino acid fed Optical Mg. amino acidAoO gm. diet >5g. utilizable amine 
form as forsmlated 100 gm. diet 
utilized 
by rat 
EAA-I EAA-II E&A-ni EM-I EM-II E 
and and and and and 
NEM-I KEM-II NEM-III KEAA-I NEAA-II S 
(Diet h) (Diet H) (Diet 13A) (Diet ii) (Diet 11) ( 
mg. mg. mg* rag. mg. 
L-arginine.HCl^  
L-histidine.HCl.HgO® 
DL-isoleucine® 
L 132 132 132 109 109 
DL 9S 95 95 70 70 
L m hZ6 m 213 213 
L-leucine^  L ink ink Ulk i^ lit iau 
L-lysLne.HCl^  L ii05 iX)5 IP5 322 322 
DL-msthionine^  DL 79 232 286 79 232 
jSL-phsi^ lalanine® DL lijO 330 ij07 IhO 330 
DL-threonine* L 395 395 395 198 193 
L-tryptophan® DL 71 71 71 71 71 
DL-valine^  L U37 i437 h37 218 218 
Total 2$9h 2937 3068 lS3k 2177 
DL-alanine^  DL I6k 1614 157 I6k 161; 
DL-aspartic acid^  DL $60 580 555 580 580 
L-cystine^  L 12k 12k — 
L-glutamic acid L 996 996 955 996 996 
Glycine^  - 320 320 307 320 320 
L-proline® •* 297 297 28k 297 297 
L-tyrosina® DL. 210 210 
Total 2691 2357 2258 2691 2357 
Grand total 5285 529lt 5326 ii525 I53I4 
Nutritional BLochenicals Corp. 
^{ferck & Co» 
c Eastioan Kodak Co* 

risisntal diets* 
ilizable amino acid/ Mg. utilizable anjino acid/ utilizable andno acid nitrogen/ 
• diet 1 day's feed (13 gm«) 1 day's feed (13 gBi») 
EAA-II EAA-ni EM-I EM-H EAA-III EAA-I EAA-II EAA-III 
and and and and and and and and 
NEAA-II NB4A-III NEM-I NEAA-II NEAA-IH NEM-I NEAA-II HEM-III 
li) (Diet 11) (Diet 13A) (Diet k) (Diet 32) (Diet 13A) (Diet h) (Diet 11) (Diet 13A) 
fflg. rag. rag. lag. lAg. mg. jng. rag. 
109 109 
70 70 
213 213 
lah liLh 
322 222 
232 286 
330 li07 
196 198 
71 71 
218 218 
2177 2308 
162} 1^ 7 
580 555 
996 955 
320 307 
297 26ii 
2357 2258 
ii53ii 1566 
lit Ih 
9 9 
28 28 
51t 51i 
i|2 ij2 
10 30 
18 13 
26 26 
9 9 
28 28 
238 283 
21 a 
75 75 
16 «•> w 
130 130 
h2 ij2 
39 39 
27 
350 307 
588 $90 
Ih h.6 
9 2.5 
28 3.0 
51} 5.8 
li2 8.0 
37 0.9 
53 1.5 
26 3.0 
9 1.3 
28 3.1i 
300 3h.Q 
20 3.3 
72 1.9 
.. 1.9 
12U i2.il 
ijO 7.7 
37 ii.7 
— 2.1 
29h liO.O 
59U 7ii.O 
ii.6 li.6 
2.5 2.5 
3.0 3.0 
5.8 5.8 
8.0 8.0 
2.9 3.5 
3.6 lt.5 
3.0 3.0 
1.3 1.3 
3.ii 3.ii 
38.0 39.5 
3.3 3.2 
7.9 7.6 
12.U 11.8 
7.7 7.it 
k.l ii.5 
36.0 3L5 
7i;.0 7it.0 
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Table 6» Cong)ositioii of 33 modifications of the three basal laixfcures of aniino acids. 
Amino acid fed Diet Diet Diet Diet Diet Diet Diet Diet 
6 6iL 6B 6C 6D 7 8 9 
mg. IQg. mg. mg. lag. mg. ing. mg. 
]>argizdne.HCl ii.6 ii.6 ii.6 U.6 U.6 li.6 it.6 it.6 
L-histidine.HCl•H2O 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
DL-isdeacine 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
L-leucine 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
L>2ysine.HCl 8.0 8.0 8.0 8.0 6.0 8.0 8.0 6.0 
DL-Eiethionine 0.9 0.9 0.9 0.9 0.9 0.9 Oo9 2.9 
Hi-phej^ lalanina 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
DXi>tbreonine 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
L-tzyptophan 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
DL-Taline 3.ii 3.1i 3.h 3.ii 3.1i 3.it 3.h 3.1i 
Total 3U.0 3U.0 3I4.O 3it.O 3li.O 3lt.O 3lt.O 36.0 
DL-alazdne 0.8 1.7 2.5 it.2 5.0 3.5 3.5 >.3 
DXi>aspaztic acid 2.0 14.0 6.0 9.9 11.9 8.3 8.3 7.9 
L-cystina 0.5 0.9 l.k 2.3 2.8 , — 2.0 — 
L-glutaznic acid 3.1 6.1 9.2 I5.1i 18.5 12.9 13.0 12.3 
Glycine 1.9 3c 9 5.8 9.7 11.6 8.1 8.2 7.7 
L-proline 1.2 2.U 3.5 5.9 7.0 5.0 5.0 lu7 
L-tyrosine 0.5 1.0 1.6 2.6 3.2 2.2 
IjO.O 
2.1 
Total 10.0 20.0 30.0 50.0 60.0 liO.O 38.0 
Grand total lllt.o 5U.0 6i;.0 81;. 0 9U.0 7ii.O 7li.O 7h.O 

of amino acids 
Diet Diet Diet Diet Diet Diet Diet Diet Diet Diet Diet Diet 
8 9 10 12 12A 12B 12C 12D 12E 13 13B 13C 
mg. mg. mg. mg. ing. JUg. Jttg. rag. mg. rag. Hig. 3SIg. 
li*6 lt.6 ii.6- li.6 14.6 h.6 ii.6 ' h.6 U.6 U.6 h.6 U.6 
2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 
0.9 2.9 0.9 2.9 2.9 2.9 2.9 2.9 2.9 3.5 3.5 3.5 
1.5 1.5 3.6 3.6 3.6 3.6 3.6 3.6 3.6 U.5 1;.5 U.5 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
3.U 3.ii 3.U 3.1i 3.it 3.i4 3.U 3.h 3.1i 3.1i 3»h 
3lt.0 36.0 36.0 38.0 38.0 38.0 38.0 38.0 38.0 39.5 39.5 39.5 
3.5 3.3 3.3 0.9 1.8 2.8 3.7 h.6 5.5 0.9 li.1 5.5 
8.3 7.9 7.9 2.2 li.li 6.6 8.8 11.0 13.2 2.2 9.9 13.2 
2.0 2.0 ... —- ... ... ... ... ... ... 
13.0 12.3 12.3 3.h 6.8 10.3 13.7 17.1 20.5 3.h 15.3 20.5 
8.2 7.7 7.7 2.2 I1.3 6.1i 8.6 10.8 12.9 2.2 9.9 12.9 
5.0 iu7 I;.? 1.3 2.6 3.9 5.2 6.6 7.9 1.3 5.8 7.9 
2.1 — ... ... ... ... —— ... 
1)0.0 38.0 36.0 10.0 20.0 30.0 IjO.O 50.G 60.0 10.0 15.0 60.0 
7h,0 7h.O 7ii.O i)8.0 58.0 68.0 78.0 88.0 98.0 1^ 9.5 8ii.5 99.5 
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Table 6. Continued 
Aidiio acid fed Diet Di«t Diet Diet Diet Biat Diet Diet Diet 
Ik 15 16 16A 17 17A 18 18A 18B 
IBg. I!lg. mg. mg. mg. fflg. mg. mg. mg. 
L-arginoBe •HCl U.6 Ii«6 iu6 10.0 h,e 9.0 it. 6 5.8 7.0 
L~histidine.HC1»H20 2.5 2.5 2.5 5.ii' 2.5 h.9 2.5 3.2 3.8 
DL-isoleucine 3.0 3.0 3.0 6.5 3.0 5.8 3.0 3.8 1}.6 
L-leucine 5.8 5.8 5.8 12.6 5.8 11.3 5.8 7.3 8.8 
L-lysine•HCl 8.0 8.0 8,0 17.ii 8.0 15.6 6.0 10.1 12.2 
DL-methionine 0.9 2,9 0.9 2.0 2.9 5.6 3.5 h*h 5.3 
DL-phenylalanin© 1.5 3.6 1.5 3.3 3.6 7.0 U.5 5.7 6.6 
DL-threonine 3.0 3.0 3.0 6.5 — -— 3.0 3.8 lu6 
L-thre(Hiine .MiM. 3.0 5.3 — — 
L-tryptophan 1.3 1.3 1.3 2.3 1.3 2.5 i.3 1.6 2.0 
DL-valine 3.1i 3.ii 3,h 7.1; 3.ii 6.6 3.1i lu3 5.2 
Total 3luO 38.0 3li.0 7li.0 38.0 7ii.0 39.5 50.0 60.0 
Dli-alanine — .MM. 
DL-aspartic acid — -— — 
L-glata2nic acid itO.O 36.0 — — — — — 
Glycine — —» — ..... 
L-proline —- -— -— •M~. 
Total 140.0 36.0 00.0 00,0 00.0 00.0 00.0 00.0 00.0 
Grand total 7U.0 7i;.0 314.0 7U.0 38.0 7ii.O 39.5 50.0 60.0 

Diet Diet Diet Diet Diet Diet Diet 
17A 18 18A 18B 18C 18D 19 
Diet 
20 
Diet Diet 
21 22 
mg. rag. mg. mg. mg. mg. mg. mg. mg. mg. 
9.0 U.6 5.8 7.0 8.6 9.3 4.6 ii.6 h.6 i;.6 
ii.9 2.5 3.2 3.8 it.7 5.1 2.5 2.5 2.5 2.5 
5.8 3.0 3.8 ii.6 5.6 6.1 3.0 3.0 3.0 3.0 
11.3 5.8 7.3 8.8 10.9 11.7 5.8 5.8 5.8 5.8 
15.6 8.0 10.1 12.2 15.0 16.2 8.0 8.0 8.0 8.0 
5.6 3.5 5.3 6.6 7.1 2.9 3.5 3.5 3.5 
7.0 lt.5 5.7 6.8 8.ii 9.1 3.6 li.5 li.5 li.5 
3.0 3.8 ii.6 5.6 6.1 3.0 ... ... ... 
5.8 ... ... ... ... ... 3.0 3.0 6.0 
2.5 1.3 1.6 2.0 2.k 2.6 1.3 1.3 1.3 1.3 
6.6 3»k lu3 5.2 b,k 6.9 3.k 3.U 3.it 3.1i 
7ii.0 39.5 50.0 60.0 7h.Q 80.0 38.0 39.5 39.5 1^ 2.5 
- II ^  -1 -- -1 - • - -r , ^— -1  ^ V 3.2 3.2 
... ... ... ... — ... 7.6 7.6 
... ... ... ... .— —. ... 11.8 11.8 
... ... .1.. ... 7.U 7.ii 
ilM.. ... ... ... — h.5 h.5 
00.0 00.0 00.0 00.0 00.0 CXJ.O 00.0 00.0 3k.5 3ii.5 
7il.0 39.5 50.0 60.0 7h.o 80.0 38.0 39.5 7li.0 77.0 
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transferred to a mortar and groimd to a fine powdero They 
were tabled carefully together and the laixtxire analyzed for 
the concentration of nitrogen immediately# The values all 
were within a satisfactory range# 
As with the reference diet, the amino acids replaced 
an equal weight of carbohydrate in the basic nitrogen-low 
diet {see Table 7). Other diets were formulated similarly. 
Every precaution was taken to insure quantitative transfer 
and thorough blending of amino acid mixtures with other 
ingredients. For example, the amino acid mixture and the 
appropriate quantity of sodium carbonate were transferred to 
a large sheet of cellophsme and tabled; the Osborne and 
Mendel salts were placed in the beaker that had contained the 
amino acids to remove the small fraction of ground amino 
acids that adhered to the beaker despite careful brushing; 
the salts were tabled with the amino acids; then, sodium 
chloride and Ruffes were carefully added. When these 
ingredients were thoroughly mixed carbohydrate was introduced 
portion by portion and the mixture tabled carefully before it 
was placed in the Hobart mixer and blended witti the melted 
fat. 
Administration of experimental diets 
It has been observed that rats eating libitum rations 
that were deficient in amino acids immediately showed a loss 
of sppetite {Prazier, et al». 1948, Gaedo, 1955). The re-
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Table 7, Composition of the reference and basal diets as 
fed exclusive of vitamin supplements. (For 
aisoant of utlllzable nitrogen provided see 
Table 5.) 
Dietary 
component 
Reference 
diet 
Diet 4 Diet 11 Diet 15A 
Lactalbumin 
EAA-I and 
SEAA-I 
EAA-II and 
ilEAA-XI 
MA-III and 
KSAA-II 
Dextrin 
Butterfat 
Swiftn*ing 
0* Sc M« salts 
Ruffex 
NaCl 
Total 
gm. 
4.27 
68.72 
10.00 
10.00 
4.00 
2.00 
1.00 
100.00 
g£a. 
i.46' a 
67.54 
10.00 
10.00 
4.00 
2.00 
1.00 
100.00 
gjn. 
6.47 a 
67.55 
10.00 
10.00 
4.00 
2.00 
1.00 
100.00 
gm, 
5.50 
67.50 
10.00 
10.00 
4,00 
2.00 
1.00 
100.00 
I^ncluding several racemic acids 
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duced caloric intake, thenj ftirther affects the nitrogen 
utilization (Calloway and Spector, 1954)• 
In the early studies, Clark (1950) showed that the 
average daily food intakes of 11 adult rats were 12,3, 12.6, 
12,9, and 13,0 gm. in four successive periods of four days 
each when they were fed ^  libitum a ration containing 14 
per cent protein from lactalbumine These rats had been 
transferred directly from the stock colony and weighed ap-
proxim.ately 325 gn. In order to control the daily intake of 
nitrogen and to keep the energy value constant, the daily 
quota of 13 gm. of the solid diet providing approximately 60 
calories was made into homogenate which could be introduced 
into the stomach of the experimental animal by means of a 
catheter* 
The experimental diets were homogenized for force-feed­
ing as described by Clark (1950, p, 119), Generally, 15 
doses of feed were made up at one time. In this case, 250 
gm. of experimental diet, 9,6 of dry vitamin mixture, 0,96 
gm. of cod liver oil, 0,96 0m, of an alpha-tocopherol solu­
tion, and appropriate volume of distilled water to make the 
final homogenate to a volume of 465 ml, were used. The 
resulting homogenate was placed in two half-pint Jars and 
refrigerated immediately and continually except at feeding 
intervals. Twenty-four ml. of tiiis homogenate contained one 
day's feed (equivalent to 13 gm. of solid diet) and one day's 
allowance of the dry vitamin mixture, 50 mg. of cod liver 
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oil, and 50 mg, of alpha-tocopherol solution. The quantity 
was force-fed in throe equal portions daily, A 20 ml, 
veterinary syringe fitted with blunt needle carrying a No, 8 
French catheter was used (Kuehl, 1949, Clark, 1950), Early 
studies (Clark, 1950) showed that the adult rats were force-
fed three times a day and that they utilized nitrogen as 
efficiently as the animals that were fed libitum. 
The force-feeding technique offers a simple solution to 
the problem of ensuring a definite intake of specific 
nutrient but it may not provide the most effective condition 
for evaluating nitrogen utilization. It is clear that the 
capacity of the stomach may have been exceeded, especially 
during the first few days after the practice of the force-
feeding of the experiment rations. The technique developed 
in the present experiment, however, appeared to be satis­
factory in the preliminary studies. No difficiilty was 
experienced in administering the food homogenate throughout 
ttis experiment. All the animals were free from diarrhea and 
distension even on the first day when force-feeding was 
initiated. They rested comfortably in normal position after 
they were fed each time and were alert and active between 
the feeding intervals. 
Two diets were fed at reduced levels of intake in Study 
B of Series III, Therefore, the quantities of the amino acid-
containing diet required in the homogenate were different. 
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The respective amounts reeded for Diets 26 and 27 were 197 
and 142 gm. One day*s feed of Diet 26 contained 10.2 gm. of 
dry diet, of Diet 27, 7.3 gm. 
Evaluation of nitrogen Utilization 
Determination of nitrogen balance 
Manner of conducting balance test. The nitrogen 
metabolism study was divided into two periods, i.e., (1) a 
preliminary period in which the animals became adjusted to 
the force-feeding technique and to the diets administered, 
and (2) the balance period. The respective intervals for 
these two periods were 12 and 7 days. 
The rats were force-fed thrice daily at approximately 
6-hour intervals. Precautions were taken to avoid any dis­
turbance which might result from over-loading the gastro­
intestinal tract. The rats were given only 1 ml. of homo-
genate per feeding the first day, 2 ml, the second day, 4 ml. 
the ttiird d§r, 8 ml. the fourth day and thereafter. On the 
day preceding the initiation of the balance period, the 
quantity of homogemte was reduced from 24 ml. to 20 ml. and 
the last feeding given at 4 P.M. The experimental animals 
were transferred to the wide-meshed metabolism cages at 8 
A.M. on the first day of the balance period. On the last 
day of the test, the feeding schedule was similar to that on 
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the day preceding the balance period. At the conclusion of 
the balance period, animals were removed from the metabolism 
cages at the sans hoxor that they had been placed on the test. 
Collection of urine. Urine was collected on 
circles of high quality filter paper containing only a slight 
trace of nitrogen. Before use these p^ ers were soaked over 
night in a 95 per cent ethyl alcohol solution containing 10 
per cent glacial acetic acid and air-dried. Nine treated 
filter ps^ ers were placed on a Pyrex plate under the 
metabolism cage prior to the initiation of the balance period. 
One filter paper was removed every morning and thereafter and 
placed in a 1000 ml, wide-mouthed Erlenmeyer flask containing 
200 ml. of 20 per cent hydrochloric acid. The flagk was 
covered with a beaker to avoid evaporation. On the last day 
of the metabolism period, the tirree remaining papers were 
reoioved and transferred to the same flask. Then the cage and 
plate were washed quantitatively with hot distilled water 
applied under pressure. The rinsings were transferred to the 
flask containing the filter papers. The contents were stirred 
to break up the papers and then filtered quantitatively through 
a Buchner funnel fitted into a 2000 ml, suction flask. 
Residues in the funnel were rinsed several times with hot 
distilled water to wash out all the iirine. The extracted 
urine then was transferred quantitatively to ft 2000 ml, 
volumetric flask. When the solution had coole-i to room tem­
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perature, it was mad© to volume. A sample of the well-
mixed urine was stored in a 12-ounce pha3?macjr bottle until 
tia^  of analysis. 
The ability of the author to recover nitrogen quanti­
tatively after the dispersion of a standard solution of 
{ME4)2S04 over the bottom of the ajstabolism cage fitted with 
treated filter papers has been demonstrated (Table I Ap­
pendix). Aliquots of the (NH^ )2S0^  solution were trickled 
from a pipette twice a day over the wire mesh for the 7 days 
involved in the balance test. The top filter paper was re­
moved each day just as it was during the progress of the 
balance test. 
Collection of feces. Feces were removed daily 
from the filter papers. They were brushed free of hair and 
placed in 126 ml. Erlenmeyer flasks containing 50 ml. of 20 
per cent hydrochloric acid and covered with a beaker. Ferric 
oxide was used to mark the beginning and termination of the 
balance intervals. On the first day of the balance period 
food colored with ferric oxide was fed. It may be recalled 
that no food was offered to the rats for 16 hours prior to 
the initiation of the balance test. Therefore, any red feces 
that appeared later were ascribed to the test food, any brown 
to the previous feeding. The brown feces were discarded. 
The ferric oxide-colored food was administered again on the 
day following the termination of the balance test and feces 
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were collected up to the time when red feces appeared. 
At the termination of the metabolism period, the flask 
containing feces was autoclaved under 15 pounds of pressure 
per square inch for two hours. The digest then was rubbed 
through a fine sieve into a 250 ml, volumetric flask and 
diluted to voliane with distilled water at room tes^ jerature. 
After the sample was well mixed, it was transferred into an 
8-ounce pharmacy bottle and stored for analysis. 
Analysis of nitrogen. The nitrogen content of the food 
consumed and the urine and feces excreted during the balance 
period were determined. Since the food homogenate was mixed, 
an aliquot of 8 ml. of each diet tested was transferred each 
day during the 7 days involved in the balance period into a 
126 ml, Erlenmeyer flask containing 50 ml. of 20 per cent 
hydrochloric acid. At the termination of the metabolism period, 
the flask containing food was treated as the one containing 
the feces. From this, a 10 ml. aliquot was taken for analysis 
of nitrogen. The respective aliquots of urine and feces, 
however, were 50 and 25 ml. 
The Kjeldahl-Gunning procedure for nitrogen analysis was 
followed. Urine aliquot was digested in Kjeldahl flask with 
20 ml, of concentrated sulfuric acid, 10 gm, of potassium 
sulfate, and 0,7 gm, of mercuric oxide for an hour and 15 
minutes. The aliquot from food digest or feces, however, was 
digested with 20 ml, of sulfuric acid, 15 gm, of potassium 
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sulfate, and 0.7 ga« of mercuric oxide for about one and one-
half hours# 
Detenainatiop of hepatic constituents 
Preparation of or^ an for analysis* The experimental 
animal was anesthetized by the intraperitoneal injection of 
0,5 ml» of nembutal solution ishich contained 15 ag, of pento­
barbital sodium at the termination of the nitrogen metabolism 
period. The liver was removed from the anesthetized animal 
as soon as an incision was raade# The organ was blotted on 
filter papers to reisove excess blood® A cross-section of 
the largest lobe and the tip of the longest lobe of liver 
were placed in a tared glass weighing bottle for the de­
termination of moistta?e and fat. The remaining portion of 
the liver for the determination of hepatic nitrogen was 
placed in a 125 ml# previously weighed Erlenmeyer flask and 
weighed immediately. It was then covered with 50 ml, of 20^  
iQrdrochloric acid and autoclaved under for two hours. The 
digest was pressed through a fine sieve into a 250 ml. volu­
metric flask and diluted with distilled water to volume at 
room temperature. Finally, the aliquot was transferred into 
an 8-ounce pharmacy bottle and ready for analysis. 
Analysis of hepatic nitrogen. Ten ml. aliquot of the 
liver acid digest was used for the analysis of nitrogen in a 
manner similar to fecal sample as described previously. 
Analysis of hepatic moisture. Small tared glass weigh­
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ing bottles were at haijd; tissues were sampled as quickly as 
possible and placed directly into the weighing bottles. 
They were covered promptly and weighed immediately in order 
to minimize moisture losses. The bottles containing tissue 
samples were dried at a temperatiare of 85®C. in an electric 
oven for 72'hours and then dried to constant weight (-0,2 mg.) 
in a vacuum oven held at 80°C. 
Analysis of hepatic fat. The determination of fat was 
patterned after the method of Bloor (1929) which gives an 
estimation of the quantity of fat present in terms of total 
alcohol-ether soluble substances. 
The moisture-free sample was finely ground in a mortar 
I 
with one-half teaspoon of acid-washed said 'and transferred 
quantitatively into a 125 ml. Erlenmeyer flask. The weighing 
bottle, mortar, and pestle were rinsed witii three portions of 
a 3 to 1 mixture of absolute alcohol anhydrous ethyl ether 
mixture. Approximately 25 ml. of this alcohol-ether mixture 
was added and the sample then heated on a steam bath with 
shaking for five minutes. 
The sample was cooled to room temperatiare and filtered 
through a fat-free filter paper into a 200 ml, volxametric 
flask. The filter paper containing the ground sample was 
washed several times with small portions of the alcohol-ether 
mixture. When the ground sample appeared dry, it was 
extracted with anhydrous ethyl ether for eight ho\ars in a 
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Goldfish extractor. This ether extract plus rinsings from 
the extraction cup was added into the 200 ml. volumetric 
flask containing the alcohol filtrate and the solution was 
made to volume with anhydrous ethyl ether. After mixing, 
50 lal. aliquot was measured from a pipette into a large glass 
weighing bottle. It was evf?3orated to dryness on a steam bath 
and brought to constant \7eight (-0.2 rag.) in an air oven held 
at 80°C» These steps were followed exactly in all analyses. 
The ability of the author to recover the hepatic fat 
from a standard preparation is ^ own in Table II (Appendix). 
Determination of carcass constituents 
Preparation of carcass for analysis. The carcass 
constituents of the rats used in Study B of Series III were 
analyzed. The whole carcass, which included the fur, skin, 
skeleton, viscera (liver removed) and blood was ground into 
a homogenous sample by putting through a Hobart grinder 
©quipped with a 3 mm. mesh sieve. The carcass was chilled 
first and the resulting product was thoroughly mixed and 
sampled. 
One hundred grams of carcass from eadi animal was placed 
in an Erlenmeyer flask and covered with 300 ml. of 20 per 
cent hydrochloric acid for analysis of nitrogen. The flask 
then was autoclaved under pressure for two hours. The con­
tents of each flask were rubbed quantitatively through a fine 
sieve into a 1000 ml. volumetric flask and diluted to volume 
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with distilled water at room temperature. These mixtures 
were thoroughly mixed ard a sample was transferred into a 
pharmacy bottle and then stored lintil time for analysis# 
Analysis of carcass nitrogen. Total carcass nitrogen 
again was determined by the Kjeldahl-Gunning procedure. Ten 
ml, aliquot of the carcass digest was used and the analysis 
was proceeded with in a manner similar to the fecal sample 
as described previously. 
Analysis of carcass molstiire. Triplicated samples of 
2 ga, each from any rat were placed in tared glass weighing 
bottles for analysis of body moisture. They were analyzed 
in a manner similar to liver samples as descjpibed previously. 
Analysis of carcass fat. The moisture-free samples 
were analyzed for body fat by the method of Bloor (1929) as 
described previously (see Analysis of hepatic fat). 
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RESULTS AKD DISCUSSION 
Series I. Evaluation of the Basic Diet 
In 1950, Clark reported that equilibrium was characteris­
tic of the nitrogen metabolism of the rats fed either a 
synthetic diet containing 4 per cent of a laetalbumin prepa­
ration or one providing a mixture of amino acids equal in 
kind and quantity to those present in one day's feed, i.e., 
15 gta. of the reference diet containing laetalbumin* In 
Clark's experimental diets, rice bran polish served as the 
source of unidentified B vitamins, 'A'hen her experiments were 
initiated, neither folic acid nor vitamin B^ s^ available 
for general eaperimenbal purposes. However, very shortly 
after the initiation of the present experiment, the produc­
tion of rice bran polish ceased. Hence, re-examination of 
the over-all adequacy of the ration for maintenance of protein 
nutrition when folic acid and vitamin replaced the rice 
bran polish seemed advisable before Clark's investigation 
was extended. 
Hitrogen utilization in the present e^ qjeriment was 
measured in terras of nitrogen balance, weight of liver, and 
concentration of moisture, nitrogen, and fat in the liver. 
Five diets were fed. Diets 1 and 2 represented the control 
rations. Diet 1 contained the laetalbumin preparation at the 
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4,27 per cent levelj Dlst 2, the mixture of amino acids equal 
in kind and quantity to those present in the lactalbumin 
diet. In these two diets, rice bran polish was used. Diets 
3 and 4 contained the sanss amino acids present in Diet 2 and 
differed only by the virtue of the vitaain composition. 
Folic acid (8 mcg./day) replaced the rice bran polish in 
Diet S; vitamin (0.75 mcg./day) and folic acid {8 acg./ 
day) were substituted for it in Diet 4. The last diet (Number 
5) containing approximately 23 per cent protein, was the 
stock ration customarily used in the Nutrition Laboratory of 
the Home Economics Research Departiaent of the Iowa Agri­
culture Esqporiment station. Rats maintained on it were used 
to secure data about composition of liver of noimal rats. 
The animals represer&ing all experimental groups 
appeared physically normal in every respect. Their fur was 
clean and sleek, their muscles firm. They were neither 
nervous nor irritable. On the average, rats fed all test 
diets maintained body weight (-2 gia,) throughout the experi­
mental period (Table III, Appeijdix). 
Data pertaining to the nitrogen metabolism of the five 
groups are presented in Table 8. The metabolism test indi­
cated that the lactalbumin control diet (Diet 1) administered 
in the present series was not entirely adequate for the sup­
port of nitrogen equilibrium. The average nitrogen balance 
in the 7-day period was -33 mg. Early studies by Kiiehl (1949), 
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Table 8, Average nitrogen retention and average con?)osition of livers in rats fed diel 
one d^ *s feed of a h»27% lactalbumin ration. 
Series 
Diet 
No. 
Source of 
dietary-
nitrogen 
Suppleiaent to 
ineisbers of 
vitamin 
B-con^ lex 
present in 
ration^  
Nitrogen 
force-fed 
per day 
No. 
of 
rats 
Bocfy Nii^ rogen meta-
weight bolism per 7 days 
Nitrogen Hitrogen 
fed balance 
Big. gm. rag, mg. 
1 Lact- Rice bran 7h 6 357 536 -33 
albaiidn polish 
2 EAA-I plus Hice bran 7U 6 353 5ljl 
NEAA-I polish 
3 EAA-I plus Folic acid 7li 6 3U7 576 -37 
NSM-I 
U EM-I plus Folic acid 7it li 336 576 -30 
plus 
vitamin 
Muted — 602 55 3So 14212° ii27° 
natu^  
food® 
®Rice bran polish, 100 gm./dayj folic acid, 8 ntcg./dayj vitamin 0.75 mcg./day 
O^ffered ^  libitum 
°Based on 9 rats: average nei^  329 gm. 

in rats fed diets containing nitrogen provided by amino acid mixtures sirailating 
Series I 
;en meta- Hepatic fat 
per 7 days Liver Hepatic nitrogen (alcohol-ether extract) 
1 Nitrogen 
balance 
Per cent 
HgO 
Fredi 
weight 
Dry 
fat-free 
lieight 
Total Per cent 
fresh 
weight 
Per cent 
dry fat-
free 
weight 
Total per 
cent 
fresh 
weight 
Per 
cent 
dry 
weight 
Rat 
fat 
nit 
gen 
mg. go. gm. ing. 
-33 68.2 8.81i 2.11i 266 3.0 12.5 675 7.5 2li.O 2.5 
-3U 67.7 8.67 2.03 261 3.0 12.8 769 8.9 27.ii 2.9 
-37 6ii.3 8.97 1.97 256 2.9 13.0 125U 13.7 37.3 h.9 
-30 66,3 8.52 2.06 252 3.0 12.it 831 9.7 28.8 3.3 
1|27® 69.2 9.01 2.30 3U9 3.9 15.2 h77 5.3 17.2 l.ll 
sffig./day 

iiets containing nitrogen provided by amino acid mixtures sixnolating 
Hepatic fat 
LiTOr Hepatic nitrogen (alcohol-ether extract) 
Per cent Fresh BPry Total Per cent Per cent Total per Per Ratio 
H2O veight fat-free fresh dry fat- cent cent fats 
weight weight free fresh diy nitro-
weight weight weight gen 
gnu gm, rag. 
68.2 8,8ii 2,1k 266 3.0 12.5 675 7.5 2^ .0 2.5 
67,7 8.67 2.03 261 3.0 12.8 769 8.9 27.lt 2.9 
6ii.3 8.97 1.97 256 2.9 13.0 12Sh 13.7 37.3 h.9 
66.3 8.52 2.06 252 3.0 12. it 831 9.7 28.8 3.3 
69.2 9.01 2.30 3li9 3.9 15.2 h77 5.3 17.2 l.U 
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however, indicated that the rats fed a diet containing the 
lactalbiunin preparation at the 4,4 per cent level may main­
tain positive nitrogen balance. On the average, her rats 
stored about 42 mg, of nitrogen in the test period (7 days). 
It is interesting to find that the average nitrogen 
balances of the rats which received Diets 2, 3, and 4 were 
essentially the same and also very similar to those of the 
rats administered the lactalbiimin control diet. Their nitro­
gen balances diaring the 7-day period were -34, -37, and -30 
mg., respectively. The rats fed, ad libitum, the stock 
ration containing approximately 23 per cent protein were in 
positive nitrogen balance. They stored an average of 427 mg, 
of nitrogen during the 7-d^  test period, balances ranging 
from 16 to 733 mg, (Table III, Appendix), 
The data pertaining to the characteristics of the livers 
of the rats in Series I are shown in Table 8, Values of 
individual rats are presented in Table IV (Appendix). The 
average weights of the livers of the rats in the groups fed 
the synthetic diets (Diets 1-4) did not appear to differ 
either on the fresh or on the diy, fat-free basis. Moisture 
contents of the organs ranged from 64,3 to 68,2 per cent in 
these groups. On the fresh and on the dry, fat-free basis, 
the percentages of nitrogen were approximately the same. 
Total hepatic "fat**®- varied from 675 to 1254 mg, in Groups 1-
4; the percentage of hepatic fat on the dry basis from 24,0 to 
P^at throughout this thesis represents alcohol-ether soluble 
materials. 
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28.8 per cent. Differences in percentages of hepatic fat 
were significant at the 5 per cent level (Fg 4.39), 
When tested by analysis of variance, data from the group fed 
Diet 5 contributed the significant variation. 
An inverse relationship between per cent of water and 
per cent of fat was observed. The displacement of water by 
fat was most marked in the livers of rats of the group fed 
Diet 3, 
As one might expect from the difference between the 
nitrogen content of the stock ration and the fo^ r^ experi­
mental diets, the livers of the rats fed the stock ration 
were not only larger but also contained more nitrogen tiian 
did the organs of the rats administered the e::?)erimental 
diets. However, the livers of rats given Diet 5 were con­
siderably lass fatty than those of other groups. 
However, when only the groups fed Diets 2 and 4 were 
compared, the data demonstrated clearly that the substitution 
of folic acid and vitamin {Diet 4) for the rice bran 
polish (Diet 2) produced no change in the response of the 
rata when evaluated in terms of change in body weight, nitro­
gen retention, and concentration of nitrogen and fat in the 
livers. These vitamins were iised, therefore, in all future 
e^ eriments as a replacement for rice bran polish. 
It should be noted, however, that all four experimental 
diets were Itpogenio. Later experiments will offer explana­
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tion for the phenomenon. This study suggests the lipotropic 
activity of vitajsin when added to a ration supplemented 
with folic acid. Its presence in the diet caused a decrease 
in total hepatic fat from an average value of 1254 mg, to 
831 mg« Thus, the protective action of the vitamin against 
deposition of liver fat is demonstrable in adult as well as 
in young rats fed a low protein diet casein) supplemented 
with 0.02 per cent choline chloride (Hawk and Elvehjem, 1953). 
The lipogenic activity of the ration suggested that an 
experimental framework had been found for a study of amino 
acid imbalance. The nutritional adequacy of the nitrogenous 
moiety of the diet, therefore, was examined in Series II in 
terras of its ability to support nitrogen equilibrium and 
maintain a normal concentration of hepatic fat. 
Series II. Influence of Variation in the 
Nitrogenous Components of the Diet 
Study A. Methionine-cystine-phenylalanine-'tyrosine relations 
Results of the experiment reported in the previous 
series showed that rats fed either the reference diet contain­
ing lactalbumin or the diets providing a mixture of amino 
acids quantitatively equivalent to those in the intact protein 
were in slight negative nitrogen balance and that their 
livers were fatty. The mixture of non-essential amino acids 
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contained cystine and tyrosine which are related, chemically 
and physiologically, to methionine and phenylalanine, 
respectively. In view of this fact, the observations 
immediately raised three questions. Did the mixture of 
amino acids contain adequate amounts of methionine and 
phenylalanine? What role did cystine and tyrosine play in 
meeting the respective requirements for me-tiiionine and 
phenylalanine? Were cystine and tyrosine instruments in the 
developnsent of the fatty livers observed? 
Experiment one. It was thought that the part played by 
cystine and tyrosine in meeting the requirement for methio­
nine and phenylalanine for body maintenance could be 
demonstrated by the feeding of graded doses of non-essential 
amino acids in combination with the aiixture containing 
essential amino acids only. The amount of fat accumulated in 
the livers of each expspimental group also could be taken as 
indicative of the lipogenic property of cystine in this 
experimental situation. 
Therefore, in Diets 6, 6A, 6B, 4, 6C, and 6D, the basal 
essential amino acid mixture (EAA-I) was supplemented, 
respectively, with 10, 20, 30, 40, 50, and 60 mg« of nitrogen 
per day from the non-essential amino acids (NEAA-I). 
Results are presented in Table 9, The average nitrogen 
balance of the rats fed the essential amino acid diet sup­
plemented with 10 mg. of non-essential nitrogen was -187 rag. 
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Table ?• Average nitrogen retention and average composition of livers of rats fed diai 
of nitrogen from NEAA-I® 
Series ; 
Stu<^  J 
Experimenl 
Diet Distribution of nitrogen in daily dose No. Boc^  
No« of amino acid mixture fed of veigirt 
rats 
Nitrogen meta­
bolism per 7 days 
Essential nitro­
gen provided b7 
E&A-I 
Non-essential nitro­
gen provided 
HEAA-I 
Nitrogen Nitrogen 
fed balance 
Total Cystine N 
ag* Big. rag. gnu mg. mg. 
6 3li 10 O.li? 6 3hh iiOB -187 
6A 3k 20 0.9li 6 350 it76 -108 
6B 3h 30 l.liD 6 353 5ia - 3li 
h 3h ho 1.8? 10 358 618 8 
6c 3k 50 2.3k 5 375 697 100 
6D 3k 60 2.81 5 37? 762 88 

>f rats fed diets containing nitrogen provided by SAA-I suppleinented with graded doses 
Series II 
Sttt^  A 
Experiment One 
n meta- Hepatic fat 
r 7 days Liver Hepatic nitrogen (alcohol-ether extract) 
Nitrogen Per cent Fresh Dry Total per cent Per cent Total Per Per Ratio 
dry fat- cent cent fat: 
free fresh dzy nitx 
weight weight weight gen 
balance H^ O weight fat-free fresh 
weight weight ro-
mg. gBU gm. mg. mg. 
-187 69.0 8.3li 1.93 21i6 3.0 12.8 65U 7.9 25.J4 2.7 
-108 68.5 8.52 2.0li 263 3.1 12.9 615 7.6 2U.0 2.5 
- 3ii 67.7 8.67 2.03 261 3.0 12.8 769 8.9 27.lt 2.9 
8 67-3 9.19 2.11 27h 3.0 13.0 8U9 9.3 28.6 3.1 
100 67.0 8.93 2.12 262 2.9 12,h 827 9.3 28.0 3.2 
88 6S.5 9.05 2.07 260 2.9 12.5 1019 11.2 33.0 3.9 
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for the 7-day period. The negative balances became 
progressively less as the amounts of non-essential amino acid 
nitrogen were increased. Approximate nitrogen equilibrium 
was obtained when the diet provided 40 mg. of non-essential 
nitrogen. It is interesting to note in this and in later 
experiments that this diet containing a mixture of amino 
acids quantitatively equivalent to those present in one day's 
feed of the reference diet supported equilibrium. 
When the non-essential nitrogen of the ration was 
increased to 60 mg., the rats passed into positive nitrogen 
balance storing, on the average, 100 mg. of nitrogen in the 
7-day period. An increase in the non-essential nitrogen 
moiety from 50 to 60 mg. per day, however, did not improve 
the nitrogen retention. The nitrogen balances and nitrogen 
intakes are highly correlated, i.e., r = 0.973. The regres­
sion of nitrogen balance on amount of non-essential nitrogen 
fed per 500 gm. of body weight per 7 days is represented by 
the equation Y » 4.96 X -193, 
Average body weight of the animals in each group re­
flected the nitrogen balances. This was especially true of 
the two extremes. The rats whose diets were supplemented with 
10 mg. of non-essential nitrogen lost an average of 8 gm. in 
the balance period (Table V, Appendix). Losses were averted 
by the feeding of 20, 30, and 40 mg. of nitrogen from the 
non-essential amino acid mixture (5EAA-I). Furthermore, the 
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rats gained an average of 5 gtn. when 50 or SO mg. of non­
essential nitrogen were provided. 
Thus, it appears that under this set of dietary con­
ditions, non-essential amino acids play an important part 
in establishing the protein nutrition of rats maintained on 
diets whose nitrogen is derived entirely from pure amino 
acids# ?^ hethor or not the best possible state of nutrition 
developed was studied by exaxaining data pertaining to the 
livers (Table 9) is not decided. 
The data show that the average weights of the dry, fat-
free livers of rats representing the various groups were not 
different (see individual data also in Appendix, Table VI). 
However, the total amount of fat in the liver was associated 
with the amount of cystine provided by the diet. For example, 
when expressed on the dry basis, 25,4 per cent of the liver 
was fat when the diet contained 4,0 rag, of cystine (10 aig, 
non-essential nitrogen) and 53,0 per cent when 24,2 mg. were 
present (60 mg, of non-essential nitrogen). 
It is also interesting that the proportion of fat to 
nitrogen in the livers increased step-wise as the quantity of 
dietary cystine increased. Thus dietary manipulation has 
induced an imbalance between liver components. 
However, the concentration of tyrosine also has been 
systematically increased in the rations. Has it played a 
role? The problem was studied in the next experiment. 
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Experiment two. In this experiment, the relative 
importance of cystine and tyrosine in determining the 
nutritive value of a mixture of amino acids simulating in 
kind and quantity the acids present in one day's feed of a 
4«27 per cent lactalbumin ration was studied further by the 
dietary elimination first of cystine and then of tyrosine. 
In response to the removal of cystine, nitrogen balance drop­
ped from 8 mg» (control group fed Diet 4) to -184 mg«/7 days 
(Table 10)• In the original mixture, therefore, cystine 
appears to serve simultaneously as an important source of 
organic sulfur and as a sparer of methionine. These resialts 
indicate that lactalbumin does not contain enough methio­
nine to meet the requirement for both of the sulfur-contain­
ing amino acids (cystine and methionine). 
The omission of tyrosine also was reflected in a drop 
in nitrogen balance but the change was not nearly as severe 
as when cystine was eliminated. 
The average weights of the livers of the rats fed the 
three experimental diets are shown in Table 10, together with 
the average nitrogen contents of the organs. It is very 
interesting to note that the rats administered the control 
diet (Diet 4) not only maintained nitrogen eqiiilibrium but 
also had heavier livers of greater nitrogen content than the 
animals in the groups fed Diets 7 and 8. Thus, the importance 
of cystine euad tyrosine in determining the nutritive value of 
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Table 10. Average nitrogen retention and average conposition of livers of rats fed di€ 
either cystine or tyrosine has been omittedo 
Series 
Study 
SxpsrisnsE 
Diet 
No. 
Distribution of nitrogen in daily dose 
of anrino acid Bdxtujra fed 
No. 
of 
rats 
Body-
weight 
Nitrogen meta­
bolism per 7 days 
Essential nitro­
gen provided Iiqt 
EAA-I 
Non-essential nitro­
gen provided ly 
SEAA-I 
Nitrogen 
fed 
Nitrogen 
balance 
Per 
HgO 
Total Modification 
Big. ng« gnu log. lag. 
h 3h i|0 — 10 358 618 8 o 
7 3h ho No cystine S 5 352 62h -18U 6 
8 3h ho No tyrosine H h 357 622 - 8 & 

if rats fed diets containing nitrogen provided tiy EAA-I plus NEAA-I from vhich 
Series II 
Study A 
Sxpsriaent Two 
1 meta-
r 7 days 
Nitrogen 
Isalance 
Liver Hepatic nitrogen 
Hepatic fat 
(alcohol-sthar extract) 
Per cent 
HgO 
fresh 
'Height 
Dry 
fat-free 
irsight 
Total Per cent Per cent Total per Per Ratio 
fresh djy fat- cent cent fat: 
weight free fresh dry nitro-
veight weight freight gen 
ng. gut. gx. rBg, og. 
8 67.7 5.19 2.11 27U 3.0 13.0 SU9 9.3 28.6 3.1 
-18U 69*k 7.81 1.83 228 2.9 12.5 560 7.2 23.3 2.5 
- 8 66.9 8.30 1.90 250 3.0 13.2 8ii5 10.2 30.8 3.U 
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an intact protein has been demonstrated from another angle# 
The respective concentrations of fat in the livers of 
the three groups indicate that the assortment of amino acids 
found in lactalbumin may not represent balanced mixtures of 
aiiiino acids. Livers of the control group fed amino acids 
simulating lactalbumin contained 28,6 per cent of fat on the 
dry basis - about 12 per cent more than is found in the 
hepatic tissues of stock rats described in Series !• In 
response to the elimination of cystine, the concentration of 
hepatic fat dropped to 25,3 per cent, IVhen tyrosine was 
removed from the non-essential amino acid mixture, the con­
centration of fat in the liver was about 2 per cent more 
than in the control group (30,8^  v®,* 28,6^ ), Possibly tyro­
sine has some depressing influence on the lipogenic effect of 
cystine^  
Omission of cystine from the diet reduced the ratio of 
fat to nitrogen in the liver also. \Vhen tyrosine was omitted, 
the ratio remained high, The respective ratios for rats fed 
the amino acid mixture simulating lactalbumin, the mixture 
devoid of cystine, and the mixture devoid of tyrosine were 
3,1, 2.S, and 5,4, respectively. 
Experiment three. In this e:3q)eriment, the problem of 
methionine-cystine-phenylalanine-tyroaine relations and dietary 
requirements thereof was approached from another angles It 
was designed to determine the effect on the nutritive value 
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of the amino acid mizture approximating the amino acids in 
lactalbumin, of the isonitrogenous replacement of the non­
essential amino acids, cystine and tyrosine with the related 
essential amino acids, methionine and phenylalanine, 
respectively® Again, response was evaluated in terms of 
nitrogen balance and characteristics of livers. 
Three experimental diets were formiilatod and the results 
of their administration to rats co spared with those obtained 
when animals were fed the control diet (Diet 4) in which 
the composition of the amino acid mixture fed approximated 
the amino acid composition of lactalbumin# In Diet 9, the 
quantity of nitrogen provided by methionine was equivalent 
to the total contributed by the metitiionine and cystine in the 
control diet (Diet 4)• Tyrosine was replaced isonitro-
genously by phenylalanine in Diet 10, Finally, in Diet 11, 
both methionine and phenylalanine were increased at the 
expense of cystine and tyrosine, respectively. 
Rats fed the control diet did not gain weight during 
the balance test (Table V, Appendix)# Also, on the average, 
the body weights of the rats receiving the diet in which 
cystine or tyrosine was replaced isonltrogenously by either 
methionine or phenylalanine reiaained constant dtiring the 7-
day nitrogen metabolism period (Table IX, Appendix)# It was 
interesting, however, to find that the rats administered 
Diet 11, in which both cystine €uad tyrosine were replaced 
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isonitroganously by the appropriate essential amino acids, 
gained an average of 5 gm, during the balance period. 
Results pertaining to the nitrogen raetabolism of the 
control rats and the three experimental groups fed Diets 9, 
10, and 11 are presented in Table 11, Analysis of variance 
showed that the differences in nitrogen balance among the 
three ©xperimenbal groups were highly significant (Fg 
8«3S). When cystine was replaced with aethionine, reten­
tion of nitrogen was maintained at the sas^  plane as it was 
in the control rats, i»e#, S mg* and 8 mg«/7 days, respective­
ly* Tyrosine could not be replaced by phenylalanine as 
effectively as systine was by luethionine, however# The 
average nitrogen retention dropped to -19 sag./? days. When 
both cystine and tyrosine were replaced isonitrogenously by 
methionine and phenylalanine, respectively, the average 
nitrogen balance improved distinctly, the average balance 
being 70 mg. per rat during -ttie 7-day period, Thiai reten­
tion is associated, it may be recalled, idth a gain in body 
weight. 
These result s offer an exaiaple of the importance of the 
proportionality of amino acids in establishing the nutritive 
value of a mixture of amino acids, in this case, phenyl­
alanine Y3« methionine, or tyrosine vs. cystine. Relations 
are shown in Table 12. 
An increase in the methionine ccmtent of the ratio to 
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Table 11« Average nitrogen retention and average con5>osition of livers of rats fed diet 
tyrosine being replaced isonitarogencnid-j bjr msthioniae and pbsnylalanine, res 
Series 
Study . 
Ex?erli39nt 
Diet Distribution of nitrogen in daily dose No. Boc^  
No. of andno acid, mixture fed of weight 
rats 
Nitrogen meta­
bolism per 7 dsQTs 
Essential nitro­
gen provided by 
Non-essential nitro­
gen provided by 
mA-i 
Nitrogen Sitrogen 
fed balance 
EAA-I Other Total Modification 
sources 
it 
9 
10 
11 
3U 
3lt 
3U 
3U 
2 ng« 
msthio-
niiie N 
2 JDg. 
phenyl-
alaixins fi 
2 n®, 
netbio-
nioe N 
2 iqg. 
pbenyl-
alaoine N 
rag. 
ko 
38 Ho cystine 
10 
6 
38 Ho tyrosine 6 
36 No cystine 
Ho tyrosine 
gnu 
358 
369 
371 
379 
lag. 
618 
605 
619 
622 
lUg. 
8 
5 
-19 
70 

f rats fed diets containing nitrogen provided ty EAA-I plus NEAA-I, cystine and 
nyialanine, respectiv^y# 
Series II 
Study A 
Experiiaent Three 
Mata-
7 d^ s 
Hitrogen 
balance 
Liver 
Per cent Fresh Dry 
H2O -weight fat-free 
weight 
Hepatic nitrogen 
Total Per cent Per cent 
fresh dry fat-
weight frae 
weight 
Hepatic fat 
(alcohol-ether extract) 
Total Per Per Ratio 
cent cent fatt 
fresh dry nitro-
weight weight gen 
nig. gm. gm. mg. IQg. 
8 67.7 9.19 2.11 27k 3.0 13.0 849 9.3 28.6 3.1 
5 68,5 9.57 2.2lt 302 3.2 13.5 77U 8.1 25.7 2.6 
-19 67.6 10.08 2.28 301; 3.0 13.h 971 9.6 29.8 3.2 
70 69.1 9.29 2.2li 282 3.0 12.6 618 6.7 21.6 2.2 
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Table 12, Changes in proportions of sulfur and benzene ring-
containing amino acids, nitrogen balance, and 
concentrations of hepatic fat. 
Diet 
ITo. 
Descrip­
tion of 
diet^  
Nitrogen from four amino Pa/ Nitro-
acids/rat/day® Me gen 
ra- bal-
Hepatic 
fat 
Me Cys PA Ty 
tio 
To­
tal 
ance/ 
RAV' 7 
days 
mg. mg. mg. mg. mg. mg. mg. % 
4 AA-LA 
(control) 0.9 1.9 1.5 2.1 6.5 1.6 8 849 28.6 
9 Cys U re­
placed by 
Me N 2,9 mmmm 1.5 2.1 6.5 0.4 5 774 25.7 
10 Ty N re­
placed by 
PA N 0.9 1.9 3.6 6.5 4.0 -19 971 29.8 
11 Cys and 
Ty H re­
placed by 
Me and Pa 
N 2.9 3.6 6.5 1.2 70 618 21.6 
'^Abbreviations are as follows: 
Mej methionine 
Cys: cystine 
PA: phenylalanine 
Ty: tyrosene 
AA: amino acids 
LA: lactalbximin 
N: nitrogen 
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the point mere the methionine nitrogen to phenylalanine 
nitrogen ratio shifted from 1,6 to 0,4 was not manifested in 
any adverse results whsn balance was the index of evaluation 
of nutritive valuej neither were any beneficial results 
observed* However, increasing dietary phenylalanine so that 
the ratio charged from 1,6 to 4,0 was associated with 
negative balance, Workers at Slvehjen*s laboratory have 
observed that increasing the quantity of phenylalanine in 
the ration results in an inhibition of growth in young rats 
(Benton, et al«« 1966a), 
The total sulfur content of Diets 4, 9, and 10 was the 
same. Extra phenylalanine introduced an imbalance. How­
ever, when the total sulfur of the ration was provided in 
the form of methionine only as in Diet 11 (phenylalanine 
nitrogen to methionine nitrogen ratio: 1,2), the same atnoTmt 
of phenylalanine was no longer antagonistic. Thus, it seems 
that in these low nitrogen rations eqxaivalent to 4 per cent 
of protein that the imbalance induced by excess phenyl­
alanine is related to the presence of cystine. Also, a 
comparison of the balances, 8 mg, V8, 70 mg, per 7 days is 
an index of the degree to which cystine and tyrosine may 
reduce the nutritive efficiency of the amino acid mixture. 
It seems, therefore, that the nutritive value of lactalbmin 
is limited by its methionine and phenylalanine contents. The 
related non-essential acids in the intact protein, however. 
S4 
have some protective action, seemingly sparing the essential 
amino acids for metabolic piirposes other than for their own 
synthesis. 
The imbalances as 3^ dged by nitrogen reteiTtion are 
mirrored in concentrations of hepatic fat also (Tables 11 
and IS), The average vslues of.the total hepatic fat in the 
three e3q>erim0ntal groups varied from 618 Eg. to S71 mg; 
the percentages froa 21,6 per cei^  to 29.6 per cent on the 
dry basis. Differences in percentages of hepatic fat were 
highly significant (?g ^ 5^ 82.50). 
The substitution of cystine nitrogen by methionine 
nitrogen (Diet 9) reduced the total fat in the liver from 
849 to 774 mg. On the percentage basis expressed in tersis 
of dry weight, the concentration dropped from 28.6 per cent 
to 25.7 per cent. Dietary phenylalanine added at the expense 
of tyrosine in the presence of cystine {Diet 10) maintained 
liver fat at a somewhat higher concentration than that 
characteristic of the livers of the control rats, ^ parently 
increasing the lipogenic influence of cystine. But when 
both non-essentials were replaced by the related essential 
acids, (Diet 11) the mixture was lipogenic no longer, total 
fat dropping to 618 mg. and percentage-wise on the dry basis 
to 21,6 per cent. Thus in respect to hepatic fat also, 
excess phenylalanine in the presence of cystine creates an 
imbalance but is beneficial when cystine is replaced by 
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methionine. 
The roles of the two non-essential acids in controlling 
hepatic fat might be evaluated as follows; Cystine is 
lipogenic# Removal of tyrosine with or v?ithout its iso-
nitrogenous replacement with phenylalanine results in 
increased fat# So, it appears that tyrosine exerts a lipo­
tropic action of mild degree when the diet contains cystine 
combined with small amounts of msthionine. 
The nitrogen present in the livers of the animals in 
the three experimental groups was about the same. However, 
the hepatic fat to hepatic nitinsgen rations, 2,6, 3*2, and 
2.2, indicated a definite improvement in the integrity of 
the tissue was induced by increasing the methionine and 
phenylalanine values of the ration at the expense of cystine 
and tyrosine. 
On the basis of the present observations, methionine 
appears to play the major role and phenylalanine the second­
ary in stimxilating nitrogen retention and controlling liver 
fat. Both methionine and phenylalanine are necessary for 
maxirsum effects, however. This is a clear example of the 
importance of evaluating the need for one saaino acid in re­
lation to other amino acids present. 
Experiment four. The e:5q>eriment just recorded demon­
strates that the nutritive efficiency of the amino acid 
mixture simulating the amino acids present in one day's 
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feed of a diet containing the reference protein, lactalbumin, 
can be improved by alterations in its methionine, cystine, 
phenylalanine, and tyrosine contents within the total nitro­
gen framework of the original ration (74 mg. per day). 
T^ omack, al« (1955) has noted tibiat the total intake 
of nitrogen is Important in relation to the utilization of 
amino acid laixtiire. It seemed of interest, therefore, to 
determine the minimal amo'unt of non-essential nitrogen re-
qiiired to establish nitrogen eqiilllbriTxm when the apparently 
more efficient mixture of essential amino acids (EAA-II) 
developed in Eaqjeriment three was fed instead of the mixture 
EAA-I resembling lactalbumin. It may be recalled that SQ mg* 
of nitrogen from the new mixture of essential ataino acids 
(EAA-II) when fed in conjunction with 36 mg. of non-es-
sential nitrogen induced storage of nitrogen (70 mg*)* 
In this e35>eriment. Diets 12, 12A, 12B, 12C, 12D, and 
12£ were fed, the essential amino acid mixture (EAA-II} 
being supplemented, respectively, with 10, 20, 50, 40, 60, 
and 50 mg* of nitrogen per day as provided by a mixt\ire of 
non-essential amino acids containing no cystine and tyrosine 
(HEAA-II)* Measurements, again, were made in terras of nitro­
gen balance and liver composition* 
Data depicting the composition of the livers of rats 
fed these various rations will be considered first* They 
are presented in Table IS* The picture is very different 
87 
Table 13• Average nitrogen retention and average composition of livers of rats fed dii 
of nitrogen from lEEAA-II. 
Series 
Studiy 
Bxperiineni 
Diet Distribution of nitrogen in daily dose So. Bodly Nitrogen raeta-
No. of amino acid naxtiure fed of veight bolism per 7 
rats 
Essential nitro­
gen providad by 
EM-II 
Non-essential nitro­
gen provided by 
NEAA-n 
Hitrogen 
fed 
Nitrogen 
balance 
Pej 
SIg. gm. iag« rag. 
12 38 10 6 350 I425 -3lt ( 
12& 38 20 6 315 kn -30 F I 
12B 38 30 6 355 S29 0 t 
12C 38 l»o 6 351 581 6 ( 
12D 38 6 355 617 -18 i 
12E 38 60 6 351 651i -20 i 

>f rats fed diets containing nitrogen provided Igr EAA-II supplenanted with graded doses 
Series II 
Stucfy A 
Experiment Four 
nteta-
7 days Liver Hepatic nitrogen 
Hepatic fat 
(alcohol-ether extract) 
Nitrogen 
balsnce 
Per cent 
H^ O 
Fresh 
-Height 
Dry 
fat-free 
weight 
Total Per cent 
fresh 
veight 
Per cent 
diy fat-
free 
weight 
Total Per 
cent 
fresh 
weight 
Per 
cent 
dry 
veight 
Ratio 
fat: 
nitro­
gen 
mg. gm. gm. TBg* iqg* 
-3li 69,9 8.3li 2.12 26k 3.2 12.6 395 li.8 15.8 1.5 
-30 70.2 8.18 2.0U 270 3.3 13.3 397 U.d 16.3 1.5 
0 69«U 8.2U 2.08 278 3.U 13. ii it31 5.2 17.1 1.6 
6 69.7 7.73 1.92 265 3.1i 13.8 il20 5.1i 17.8 1.6 
-18 69.5 7.82 1.96 265 3.1; 13.5 1;27 5.5 17.9 1.6 
-20 69.1 7.70 1.91 260 3.1i 13.6 ii70 6.1 19.7 1.8 
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than the one obtained when EAA-I served as the source of 
th© essential amino acids. 
Feeding of the various rations in which tl:» cystine-
tyrosine free mixture of non-essential amino acids was used 
in conjunction with the methionine-phenylalanine enriched 
mixturs of essential amino acids, in general, resulted in 
livers of normal water and fat content, no usatter at what 
level th© iaixture of non-essential amino acids were fed. 
The data from any group in this test series co-!ipare<3 very 
favorably with those obtained in a study of 50 stock rats 
whose livers, on the average, contained 69.5 per cent of 
isoisture and 17.2 per cent of fat on the dry basis. 
These data are in contrast to those obtained when the 
ataino acid aixtxire contained graded doses of (^ stino and 
tyrosine. In this experiment (Table 9), there was a lower 
than noraal water content aiKi a higher than nonaal concentra­
tion of fat in the liver with each increment in the amount 
of non-essential amino acid nitrogen fed. Data describing 
the livers of rats in each of the two groups when the non­
essential mixture of amino acids provided 40 rag. of nitrogen 
will illustrate the difference. At this level of feeding, 
rats receiving no cystine and tyrosine had livers with 69.7 
per cent moisture, 420 ag. of total fat, and 17,8 per cent-
of fat on the dry basis; those receiving these acids had 
livers with the following values: 67.3 par cent, 849 lag.. 
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arid 28.6 per cent, respectively. It is interesting that at 
this level of feeding Diets 12C and 4 contained the same 
amounts of the siilfxir-containing acids and of the acids 
carrying the benzene ring. These data lend weight to the 
observations on the interactions between methionine, phenyl­
alanine, cystine, and tyrosine on the production of fat in 
the liver. 
There is another item of interest in Table 13. The 
feeding of the largest amoiant of nitrogen from non-essential 
amino acids, i.e., 60 mg. per day, tended to produce an 
increase in liver fat, increasing it from about 450 mg. to 
470 mg. Does this mean that an excess of non-essential 
amino acid nitrogen may be lipogenic even when no <^ stine and 
tyrosine are present? 
The average quantities and average percentage of nitro­
gen in the livers were essentially the same, no matter at 
what level the mixture of non-essential amino acids were fed. 
Ho differences among the average ratios of fat to nitrogen in 
the livers of groups 12-12D, i«e., 1,6-1.6 occurred. The 
respective ratio for the rats fed Diet 12E (60 mg. of nitro-. 
gen from non-essential amino acids) where hepatic fat was 
highest was relatively large (1.8). 
The nitrogen balances secured in the present experiment 
with the feeding of graded doses of non-essential amino acid 
nitrogen free of qrstine and tyrosine also were very dif­
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ferent from those obtained in Experiment on®. Average values 
for nitrogen retentions of both groups are plotted against 
the quantities of non-essential nitrogen provided in Figure 
1. In the case of the rats fed EAA-I simulating the es­
sential amino acids in one day^ s quota of the 4,27 per cent 
lactalbumin diet, a linear relationship existed between 
nitrogen balances per 300 gm. rat and the aiaoiaats of nitro­
gen provided by the non-essential amino acid mixture, the 
regression beiiag Y = 4*96 X -195, The correlation coef­
ficient is 0»973« Maximum retention was reached when 60 to 
60 mg. 6f non-essential amino acid nitrogen was administered. 
In contrast, note the curve when the modified essential amino 
acid mixture (SAA-II) was supplemented with graded doses of 
nitrogen provided by a mixture of non-essential amino acids 
lacking cystine and tyrosine (HEAA-II), It shows that 
retention improved with each increment of non-essential 
nitrogen until 40 mg» was provided daily. Up to this point, 
retention in every instance exceeded that occurring \i^ aen 
the essential amino acids were furnished in the form of the 
mixture resembling lactalbumin. Beyond this point, however, 
no further increases in retention occurred as the non-es-
sential nitrogen was increased. It should be noted that 
when 40 mg, of non-essential nitrogen were provided by either 
mixttire of non-essential amino acids, i.e., HBAA-I or KEAA-II, 
the nitrogen arising from methionine and phenylalanine in 
Figure !• Nitrogen balances at graded dose of non­
essential nitrogen fed in conjunction with 
two different mixtures of essential amino 
acidSo 
•- EAA-I+Graded doses of N from NEAA-I 
E A A -n + Groded doses of N from NEAA-II(no cystine or tyrosine) 
(/) 
"O 
to 
CJ> 
Y= 4.96X-I93 
?> -100 
-200 
0 10 20 30 40 50 60 
Mg. nonessential amino acid nitrogen/rat/day 
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mixture EftA-II was exactly the sasie, 6-5 mg», as that 
originatixig from raethlonine^  phersylalsiiine, cystine, and 
tyrosine in the original mixture of EAA-I plus SSAA-I» When 
mixtiu?0 EAA-»I plus KEAA-I provided more than 40 mg» of 
nitrogen daily, the amount of cystine and tyrosine increased 
correspondingly* This did not occur vfhen mixture EAA-II 
plus KEAA-II was fed, its contribution of sulfxir-containing 
amino acids and phenylalanine having been established at a 
constant value in the nitrogenous portion of the essential 
amino acid mixture® It seems, therefore, that the 
superiority of the first amino acid mixtvire at the higher 
levels of the non-essential amino acid feeding might be 
explained by the action of the increased quantities of 
cystine and tyrosine provided. 
To study this possibility, the influence of a fiirther 
increase in the methionine and phenylalanine contents of the 
essential assino mixture eas evaluated in the following 
experiasent. 
Experiiaent five* A new essential amino acid mixture 
was formulated containing additional methionine and phenyl­
alanine and was designated as E&A-III. It provided a total 
of 8 mg. of nitrogen from methionine and phenylalanine, 
vriiich was the amoxxnt of nitrogen provided by the four amino 
acids, methionine, cystine, phenylalanine, and tyrosine 
when maximum retention of nitirogen was observed, i.e., when 
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55 mg. of non-essenfcial nitrogen provided by EAA-I was fed 
in conjiinction with 34 rag, of nitrogen from EAA-I {Figure 1)» 
Four diets were fed in the present experiiiient. In 
Diets 13, ISA, 15B, and ISC, 39,5 mg. of essential amino acid 
nitrogen provided by mixture EAA-III was supplemented with 
10, 34.5, 45, a33d 60 mg» of non-essential nitrogen fi»oiri a 
mixtiu?6 of non-essential anino acids containing no cystine 
or tyrosine (EAA-II), 
Results of feeding these rations are sho^  in Table 14 
and Fisure 2. The cijrves in Pigtire 2 depict the respective 
responses of rats, measured in terms of nitrogen balance^  
when the three different mixtures of essential amino acids 
under stvdy were fed with graded doses of the non-essential 
amino acids# The upper curve refers to results obtained by 
feeding the mixture EAA-III containing increased quantities 
of methionine and phenylalanine in conjunction with graded 
doses of non-essential nitrogen (KEAA-II), Again, as was 
the case following the feeding of the mixture EAA-I as 
indicated by the lower curve, nitrogen balance appeared to 
be related in a linear fashion to the amount of non-essential 
amino acid administered# The equation for the regression of 
nitrogen balance per 300 gm, of body weight per 7 days on 
mg, of non-essential nitrogen intake is T = 3,183 - 72. The 
correlation coefficient is 0,985, 
The new mixture of essential amino acids (III) was 
definitely superior to either of the other two mixtures 
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Table lit. Average nitrogen retention and average coi!g)osition of livers of rats fed di 
doses of nitrogen from NEAA-II. 
Serie 
Stud; 
Experim 
Diet 
No. 
Distribution of nitrogen in daily dose 
of amino acid laixbiire fed 
Ho. 
of 
rats 
Body 
weight 
Nitrogen nsta-
bolism per 7 days 
Essential andno 
acid nitrogen 
provided l3iy 
EAA-ni 
Non-essential nitro­
gen provided by 
NEAA-II 
Nitrogen 
fed 
1 f-
Nitrogen 
balance 
Pe: 
H2 
mg. 
I 
i 
13 39.5 10 
i 
6 336 m -ii9 ( 
13fi. 39.5 3ii.5 12 3li2 586 56 ( 
13B 39.5 h$ 6 3h6 660 71 ( 
13C 39.5 - h$ 5 3ia 810 135 i 

(f rats fed diets containing nitrogen provided by EAA-III supplemented with graded 
Series II 
Study A 
Experiment Five 
meta- Hepatic fat 
7 days Liver Hepatic nitrogen (aleohol-ethar extract) 
Nitrogen Per cent Fresh Dry Total Per cent Per cent Total Par Per Ratio 
balance H2O wight fat-free fresh dry fat- cent cent fat: 
weight weight free fresh diy nitro-
weight weight weight gen 
Big* gm. gm. 12g. 
-li9 69.8 8.00 1.82 259 3.2 lh,3 590 7.h 2ii.6 2.3 
56 69.6 8.17 1.9ii 270 3.3 lli.O 550 6.7 22.1 2.0 
69.0 8.03 1.89 263 3.3 13.9 596 7.ii 23.9 2.3 
135 68.5 7.77 1.83 261 3,k lli.3 620 8.0 25.3 2.ii 

Figure 2, Nitrogen balances at graded doses of non­
essential nitrogen fed in conjunction with 
three different mixtures of essential amino 
acids. 
— EAA-I+Groded doses of N from NEAA-I 
EAA-n f  eroded doses of N from NEAA-E (no cystine or tyrosine) 
--N- EAA-n-^Graded doses of N from NEAA"HI(no cystine or tyrosine) 
</> 
"O 
Y= 3 . I 8 X - 7 2  
o> 
o» 
Y = 4.96x-I93 
-100 
50 60 30 40 20 
Mg. nonessential amino acid n i t r o g e n / r a t / d a y  
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formulatecl. Wit'n EAA-III, equilibrium was achieved when 
supplemented with 22,5 mg, of nitrogen from non-essential 
acids; with EA.A-II, equilibrium was attained with 20 mg, of 
non-essential nitrogen, with EAA-I, 7ri.th 40 mg« In other 
words, the total amounts of nitrogen required per day for 
the establishmant of equilibrium were 62 mg,, 68 mg., and 
74 mg,, respectively. At this point, mixtures of essential 
and non-essential acids, I, II, and III provided 8 mg,, 6.5 
mg,, and 6.5,, respectively, of nitrogen from acids carrying 
sulfxjr or ti:© benzene ring. That the nutritive efficiency 
of an amino acid mixture can be enriched by increasing the 
quota of these acids to 8 mg,/day in the form of methionine 
and phenylalanine is illustrated in the upper and lower 
curves# These ciirves suggest that the greatest retention 
can be supported by increasing nitrogen from these sources 
to 8 mg, within a total framework of 95 to 100 mg, of nitro­
gen daily. 
Some very interesting data were accumulated concerning 
the deposition of the hepatic fat when the three different 
amino acid mixtures were fed (see Table 15), 
Mixtu^ -e Number 3 had lipotropic properties when com­
pared to mixture Number 1 but was not as effective in this 
respect as mixture Sumber 2, These differences are hi^ ly 
significant (^ 2,19^  21,12 in temas of actual quantities and 
2^,19® 25,01 on a relative dry basis). 
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The effect may be attributed to the 1.5 rago of nitrogen 
derived from the addition of extra methionine and phenyl­
alanine, since non-essential amino acid nitrogen fed daily 
at the level of 45 mg, with EAA-II (Table 14) did not 
Table 15, Variations in lipotropic properties of three 
mixtures of amino acids. 
Mixture 
Ko. 
Amino acid mixture fed Total 
N 
Hepatic fat 
Essential 
acids 
Non­
essential 
acids 
Total Relative 
dry basis 
mg- mg. % 
1 EAA-I 
(54 mg, K) 
NEAA-I 
(40 mg« K) 
74 831 28,8 
2 EAA-II 
(38 ag. H) 
KEAA-II 
(40 mg, N) 
78 420 17,8 
3 EAA-in 
(39,5 mg. 
SEAA-n 
K) (34,6 mg. N) 
74 550 22,1 
stimulate the deposition of hepatic fat. Furthermore, 
hepatic fat was maintained at approximately the same concen­
tration at ary level of non-essential amino acid nitrogen 
feeding with JEAA-III (Table 14), Why mixture SAA-III takes 
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on some lipogenic properties needs further investigation. 
Study Single vs« a mixture of non-essential acids 
In Study B, the respective capacities of cystine and 
tyrosine to spare methionine and phenylalanine was deiaon-
strated froia another angle. The eaperiment was planned 
initially to determine whether or not a single non-essential 
amino acid could be substituted for a mixture of acids 
without influenci33g the retention of nitrogen. 
In the first phase of the test, 40 mg. of nitrogen 
froBi glutamic acid was fed in conjunction with 34 mg« of 
nitrogen from EAA-I (Diet 14) and resolts compared with 
those obtained by feeding the original mixture (Diet 4). 
The inability of glutamic acid to replace the other non­
essential amino acids occurring in lactalbumin as a source 
of dietary non-essential nitrogen in the supplementation of 
the essential amino acids simulating those present in the 
reference protein (EAA-I) was detersiined. All the animals 
receiving Diet 14 lost weight, losses ranging from 9 to 29 
mg. during the experimental period (Table XV, Appendix). 
These losses were reflected in the nitrogen retentions. 
In contrast to ti:© average balance of 8 mg./7 days for 
the group receiving the control ration (Diet 4), the average 
nitrogen balance for the glutamic acid-fed rats was -253 mg. 
per 7 days witii a range in values from -306 to -194 mg, 
(Table 16). The values for the individual rats are presented 
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Table 16, Average nitTOgen retention and composition of livers of rats fed diets eont; 
from a mixture of non-essential amino acids or from glutamic acid alone e 
Serie! 
Studj 
Diet Distribution of nitrogen in daily dose No. Body Nitrogen iMta-
No» of amino acid mizture fed of veight bolism per 7 days 
rats 
Essential nitro- Nrai-essential nitro- Nitrogen Hitrogen Pei 
gen gea fed balance HgC 
Quantity Source Quantity Source 
2Bg» Bg. gnu !Dg. 18g« 
It 3h EAA-I 1)0 NSAA-I 10 358 618 8 
lU 3it EAA-I liO Glutande 
acid 
6 333 578 -253 
15 38 EAA-II 36 Glutamic 
acid 
6 3li5 576 
- 5 
12C 38 E&A-II HEAA-II 6 351 58U 5 

fed diets containing nitrogen provided EAA-I or EAA-II supplemented with nitrogen 
acid alone. 
Series H 
Study B 
2 losta- Hepatic fat 
r 7 days Liver Hepatic nitrogen (alcohol-ether extract 
Kitrogen Per cent Fresh Dry Total Per cent Per cent Total Per Per Ratio 
balance HgO vei^t fat-free fjresh dry fat- cent cent fat* 
weight weight free fre;^ dry nitro-
weight weighct weight gen 
iag« gBU gs« lag. mg. 
8 67.7 9.19 2.11 27k 3.0 13.0 8ii9 9.3 28.6 3.1 
-253 69.1 7.97 2.0U 2ia 3.0 12.0 li3U 5.U 17.7 1.8 
- 5 69.0 8.71 2.30 265 3.0 11.6 li07 I4.6 15.0 1.5 
5 69.7 7.73 1.92 265 3.U 13.8 li20 S.k 17.8 1.6 
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in Table XV, Appendix. The average nitrogen balance of the 
animals receiving the diet containing EAA-I and 40 mg. of 
nitrogen from glutamic acid was even more negative than the 
one induced by administering the diet providing EAA-I and 
only 10 mgt of non-essential nitrogen from a mixture of 
several non-essential amino acids; the average nitrogen 
balance of this group (Diet 6 in the previous study) was 
-187 mg./7 days. 
The immediate reaction to these results was one of 
surprise, but then it was recalled that a prior eaperiment 
(as reported herein) had demonstrated that cystine and 
tyrosine played a very important role in establishing the 
nutritive value of a mixture of amino acids simulating the 
amino acids found in lactalbumia. Therefore, it was 
decided to determine whether or not glutamic acid would 
behave differently when it was fed as a sole source of non­
essential nitrogen in combination with EAA-II which carried 
additional methionine and phenylalanine in amounts iso-
nitrogenously equivalent to the cystine and tyresine present 
in one day»a feed of the 4,27 per cent lactalbumin diet. 
The rats responded very well to the feeding of Diet 15. 
On the average, body weight was maintained (-2 gm.) in the 
experimentsi period (see Table XV, Appendix). The average 
nitrogen was -5 mg. per 7 days, values ranging from -47 to 
21 mg. (Table 16 and Table XV, Appendix). The control group 
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rocoiving the mixture of several non-essential amino acids 
(Diet 12C) responded nearly the same (5 vs. -5 aigo)» 
Thus, it seems that the unfavorable outcome of the feed­
ing of Diet 14 might be explained on the relatively low 
amoxants of methionine, cystine, phenylalanine, and tyrosine 
present in the test mixture# Furthermore, it is also evi­
dent that the glutamic acid can replace all other non­
essential amino acids except cystine and tyrosine. These 
result s also lend support to the idea that the original 
mixture of essential amino acids was inadeqviate in respect 
to methionine and phenylalanine and that cystine and tyro­
sine had been acting in sparing capacities. 
The data pertaining to the characteristics of the livers 
of the rats in the present study are i^ o«n in Table 15• On 
the fresh basis, the average weigjits of the organs of rats 
in Groups 4, 120, 14, and 15 varied from 7.73 to 9®13 gm.; 
on the dz»y, fat-free basis, from 1»92 to 2,50 gm. The 
total quantity of hepatic nitrogen of the rats ingesting 
Diet 14, however, was less than that in other groups, an 
observation supporting those pertainixig to losses in nitrogen 
from body tissue. 
The concentrations of fat in the livers again show the 
lipogenic property of cystine. In response to the removal 
of cystine, total and relative qiiantities of fat in the 
livers decreased significantly (Diets 12C, 14, and 15)* 
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It may be roteworthy that in this experiiaent a severe 
negative nitrogen retention was associated with what could 
be considered a noriaal amount of hepatic fat. 
Study C> Efficacy of essential amino acids only 
Data obtained in the studies described in the previous 
sections demonstrated that the role played by non-essential 
nitrogen in the determination of the nutritive value of 
mixtures of amino acids depended upon the composition of 
the mixture of essential acids with which the non-essential 
nitrogen was fed. This was true regardless of whether a 
mixture or a single amino acid provided the non-essential 
nitrogen® In view of the commonly accepted idea that 
mixtures of essential amino acids must be fortified with some 
sources of non-essential nitrogen for the highest biological 
efficiency (Rose, et al«. 1948), it was decided, in the 
words of Clark (1950), to test the "essentiality of the non­
essential amino acids" with various mixtures of the essential 
members. In other words, in this experiment the efficacy of 
several mixtures containing only essential amino acids for 
the support of protein nutrition was determined. Mixtures 
already described that represented three degrees of nutri­
tional efficiency were used. 
Experiment one. Six experimental diets containing 
three different mixtures of essential amino acids were fed. 
These mixtures varied in their nutritional efficiency, this 
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being determined as shown in previoxas sections "by their 
methionine-cystine-phenylalanine-tyrosine confcents. Diet 16 
was so formulated that it contained a mixture of 10 essential 
amino acids (34 mg. of nitrogen) simulating those present in 
one day*s feed of the reference diet (EAA-I). This was the 
least efficient mixture* In Diet 16A, the amino acids 
present in SAA-I were increased proportionally to provide 74 
mg, of essential nitrogen in one day*s feed. In Diets 17 
and 17A, respectively, 38 and 74 mg. of essential nitrogen 
from EAA-II were provided. In Diets 18 and 18A, respectively, 
39.5 and 74 mg. of essential nitrogen were furnished from 
EAA-III, the mixture believed to be the most efficient of 
the three for the support of nitrogen retention. Measure­
ments were made in terms of nitrogen balance and liver 
composition. 
Average nitrogen balances for the six experimental 
groups are shown in Table 17, and data pertaining to the 
individual rats are presented in Table XVii, in the Appendix. 
The data show that the rats given only the 10 essential 
amino acids in a mixture modeled after the essential acids 
provided by lactalhumin in a 4 per cent protein ration (Diet 
16) dropped into a severe negative nitrogen balance. On the 
average, they lost 252 mg. of tissue nitrogen in the 7-day 
period. This is in harmony with weight losses observed (see 
Table XVII, Appendix), i.e«, an average of 5 gm. of body 
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Table 17. Average nitrogen retention and average composition of livers of rats fed 
of varying nutritive vaius being fed. 
Ser 
St 
Expar 
Diet Source and quantity of essential No. Body 
nitrogen in daily dose of aasino acid of weight 
mixture fed rats 
Nitrogen meta­
bolism per 7 days 
Source Quantity 
Nitrogen Nitrogen P 
fed balaace H 
Big* gsu xag. mg. 
16 SM-I only 3U 6 3lik 3h9 -252 
16A SAA-I only 7li 5 369 691 - 87 
17 EAA-n only 38 6 3ia 319 -151 
17A EAA-H only 7h 6 3lt9 602 22 
18 SAA-m only 39.$ 6 350 359 -158 
18A EAA-ni only 7U 5 365 609 li2 

of rats fed diets containing essential amino acid nitrogen only, three mixtures 
Series II 
Stu<^ C 
Experinent One 
L sieta-
' 7 dsys Liver Hepatic nitrogen 
Hepatic fat 
(alcohol-ether extract) 
Nitr<^en 
balance 
Per cent 
HgO 
Fresh 
^ight 
Dry 
fat-free 
Height 
Total Per cent 
fresh 
-weight 
Per cent 
dry fat-
free 
•weight 
Total Per 
cent 
fresh 
-Height 
Per 
cent 
dry 
lieight 
Ratio 
fat: 
nitro­
gen 
mg. gm. gm. Big. mg. 
-252 66.6 6.29 1.93 2ij5 3.0 12.7 678 8.2 26.0 2.8 
- 87 69,0 8.80 2.12 281 3.2 13.2 603 6.9 22.2 2.1 
-151 68,6 8.11 1.91 267 3.3 lli.O 639 7.9 25.2 2.U 
22 67.2 8.01 1.97 271 3.k 13.7 651 8.1 2ii,8 2.1i 
-158 69.6 8.17 1.97 267 3.3 13.6 517 6.3 20.8 1.9 
U2 69.3 8.35 1.97 283 3Jk lli.S 598 7.2 23.I4 2.1 
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weight during the nitrogen metabolism period. Thus, un-
supplemented with non-essential acids, essential acids 
providing 34 mg# of total nitrogen are inadequate for the 
support of protein nutrition. There is not enough nitrogen 
present to meet the needs for these specific acids nor to 
allow for their transformation into the non-essential acids 
metabolically required for functioning of the body. 
It is interesting to note that increasing the quantity 
of EAA-I to provide 74 ag. of essential nitrogen equivalent 
to the total nitrogen present in one day's feed of the 
reference diet decreased but did not avert the tissue cata-
bolism. The average nitrogen balance of the group fed Diet 
16A shifted to -87 mg. All of the animals in this group 
maintained their body weight (*2 g®.) during the nitrogen 
metabolism period. However, the aniraals did not utilize the 
dietary supply of nitrogen from the essential amino acids 
(74 mg./day) as effectively as they did when the ration con­
tained 74 mg. of nitrogen arising from both essential and 
non-essential amino acids. It may be recalled that the 
feeding of 34 mg. of essential nitrogen from EAA-I is in 
conjunction with 40 mg. of non-essential nitrogen from 
KEAA-I supported nitrogen eqtiilibrium successfully (Diet 4, 
balance being 8 iag./7 days). 
When the rats were fed Diets 17 and 18 containing 38 mg. 
of essential nitrogen from iiAA-II ai^  39.5 mg. from EAA-III, 
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respectively, the average nitrogen balances were -151 and 
-158c These values were markedly less than the figure 
representing the catabolism when 34 mg« of nitrogen from 
EAA-I was fed. It should be noted that EAA-II and EAA-III 
are considerably richer in Methionine and phenylalanine 
than EAA-I • 
The metabolism test indicated that rats were In positive 
balance when fed diets containing 74 rag. of essential nitro­
gen either from EAA-II (Diet 17A) or from EAA-III (Diet 
18A)» YiHaen EAA-I was offered in this quantity (74 mg. daily), 
the balance remained negative# On the average, group 17A 
stored about 22 mg, of nitrogen and group ISA 42 aig® during 
the 7-d^  metabolism period. 
Thus, essential amino acids fed without supplementation 
with non-essential nitrogen may support nitrogen retention 
when fed at a level providing the same amoiait of nitrogen 
per day as may be derived from a 4#27 per cent lactalbumin 
diet, only when the qusmtities and proportions of certain 
essential amino acids contained therein are adequate. 
Methionine and phenylalanine appear to be the controlling 
acids (Table 18}• Also, this experiment emphasizes again 
the important role that cystine and tyrosine play in de­
termining the nutritive value of the intact lactalbumin 
protein. 
The data pertaining to the characteristics of livers 
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of the rats are shown In Table 17, Values obtained from 
individual animals are presented in Table XVIII, Appendix. 
The average weights of the livers of the rats in the six 
experiiaental groups did not appear to differ either on the 
Table 18. Role of methionine ajad phenylalanine in relation 
of nitrogen retention when different mixtures of 
essential amino acids providing 74 mg. of nitro­
gen are fed. 
Sources Diet 4: Diet ISA; Diet 17A; Diet ISA: 
of Control diet SAA-I EAA-II EAA-III 
nitrogen EAA-I plus 
ISEAA-I 
74 mg.N 74 rag.N 74 mg.F 74 mg.U 
mg. mg. mg. mg. 
N from acids 
containing 
sulfur 
2.8 2.0 5.6 6.8 
1 from acids 
containing 
benzene ring 
3.7 3.3 7.0 8.4 
Total H from 
both source 
6.6 5.3 12.6 15.0 
H balance/ 
300 rat/ 
7 days 
7 -70 19 35 
of the rats are shown in Table 17. Values obtained from 
individual animals are presented in Table XVIII, Appendix. 
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The average weights of the livers of the rats in the six 
experimental groups did not appear to differ either on the 
fresh or on the dry, fat-free basis. The organ in only one 
group showed a moistxire content of less than 59Jt. The average 
quantities of nitrogen in the livers were essentially the 
same except in the case of the livers obtained from rats fed 
Diet 16# The average value for this group was 246 mg» as 
against 267 to 285 mg, for the other groups. Less nitrogen 
was present also on the relative basis. This is the group 
that was in the most acute negative balance and it seems that 
only when catabolism is of severe order that any significant 
decrement occurs in concentration of hepatic nitrogen. 
Increasing the quantit^ y of EAA-I from 34 mg. of 
essential nitrogen (Diet 16) to 74 tag. {Diet 15a) daily 
caused an inmediate drop in the concentration of fat in tiie 
livers. The respective values were 26.0 per cent and 22.2 
per cent on the dry basis. This drop may reflect the increased 
amounts of methionine and phenylalanine provided by ration 16a. 
The feeding of mixtijpe SAA-III, again resulted in some 
increase in concentration of fat in livers. For example, 
increasing the quantity of essential nitrogen from 39.5 mg. 
(Diet 18) to 74 mg. daily (Diet 18a) enhanced the acciimula-
tion of fat; the respective percentages of fat were 20,8 and 
23.4 on the dry basis. Total fat contents varied from 517 
to 678 mg. Analysis of variance for groups 16, 16a, 18, and 
Ill 
18a indicated that the difference in values relating to 
Diet 16 and Diet 18 was significantly different at the 1 per 
cent level (t • 21,85). 
Possibly the detrimental effect of too much methionine 
and phenylalanine nmy be illustrated in the group fed Diet 
18a containing 74 mg. of nitrogen. The hepatic fat in this 
group is higher than that of group 18, but the difference is 
significant only at the 6 per cent level. 
It should be noted that Diets 17 and 17a contained 0,2 
per cent L-threoiiine as in all other diets. Therefore, 
discussion of the concentration of fat present in the livers 
of rats fed these two diets (Diet 17 and 17a) will be de­
ferred to a later section. 
Sxperiaent two. Data described in the previous section 
demonstrated that the ability of the essential amino acids to 
support a favorable nitrogen balance when fed at a level 
providing the same amount of total nitrogen per day as may 
be derived from one day's food quota of the intact protein 
diet depei^ ed on the composition of the mixture in respect to 
methionine and phenylalanine. The present experiment was 
planned to determine the specific quantity of a mixture con­
taining the essential acids only needed for the maintenance 
of nitrogen equilibrium. Essential amino acid mixture III 
(EAA-III) was chosen for this test because it had been 
demonstrated that retention of considerable degree occurred 
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vtoen it was fed at a level approximately the total nitrogen 
provided per by a 4.27 per cent lactalbumin diet. It 
seemed to owe its superiority to its relatively high content 
of methionine and pher^ rlalanine. 
The mixture was fed in quantities providing graded 
doses of essei*ial nitrogen® Diets 18, ISA, 18B, 18C, and 
18D provided 59.5, 50, 60, 74, and 80 mg. of essential 
nitrogen, respectively, fiitrogen retention and liver com­
position were used as the criteria for the evaluation of 
the results. 
It is interesting to note that the average body weight 
of the animals in each experimental group reflected the 
nitrogen intake. The average change in body weight of the 
rats in the five experimental groups, 18, 18A, 18B, 180, and 
18D were -4, -2, 0, 8, and 8 gra., respectively, during the 
experiment. 
Data pertaining to the nitrogen metabolism of the five 
groups are presented in Table 19 and Figure 3. A linear 
relatioi3ship existed between nitrogen balance and quantity 
of essential nitrogen fed. The equation for the regression of 
nitrogen balance per 300 gm, of body weight per 7 days on 
intake of essential nitrogen is Y « 5,08 -340. The correla­
tion coefficient is 0.981. Nitrogen equilibrixua was obtained 
when the diet provided approximately 67 mg. of essential 
nitrogen (also equal to the daily total dietary nitrogen). 
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Dabls 19# Average nitrogen retention and average coicposition of livers of rats fed die 
aadno acids (SM-III). 
Series 
Stu<fy 
Experitnan 
Diet Quantity of nitrogen in daily dose of 
No. EM-ni 
Ho» Body Nitrogen Taeta-
of ijaight bolism per 7 days 
rats 
Nitrogen Nitrogen Per 
fed balance HoG 
JEgo gnu isg. mg. 
18 39.5 6 350 359 -158 6 
lai 50 6 352 1.55 - 95 6 
183 60 6 35U 530 - 71 6 
18c 7ii 5 365 609 hZ 6 
182 80 5 361 680 75 6 

of rats fed diets containing graded doses of rxitrogen parovided tgr essential 
Series II 
Stuc^  C 
Experiinent Two 
m laeta- Bepatic fat 
ir 7 days Liver Hepatic nitrogen (alcohol-ether extract) 
Hitrogen Per cent Frssii Day Total Per cent per cent fotal per Per Ratio 
balance H2O weight fat»free frssh dry fat- cent cent fatj 
weight weight free fresh dry nitro-
veight weight weight gen 
iag» g!XU gm. JSgo mgc 
-158 69,6 6.17 1.97 267 3.3 13.6 517 6.3 20.8 1.9 
- 95 69.6 7.95 1.32 266 3.1 lli.7 532 7,h 2ii,3 2.2 
- 71 69.2 8.20 1.9ii 270 3.3 lk»l 595 7.2 23.6 2.2 
hz 69.3 8.35 1.97 283 3»h U.5 598 7.2 23.lt 2.1 
75 69.0 8.92 2.17 290 3.2 13.1; 597 6.9 22.3 2.1 

Figure 3, Regression of nitrogen balance on milligrams of 
nitrogen per day administered in the form of 
essential amino acids. 
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It is interesting to compare this value with the data secured 
in Experiment five of Study A (Figure 2) in which the total 
nitrogen content of the diet was 62 mg« per day. Only 39,5 
mg, of essential nitrogen from EAA-III was needed for the 
support of nitrogen equilibrium in this case when the es­
sential acids were supplemented with 22.5 mg« of non-es-
sential nitrogen. 
With essential amino acids only present, a total of 67 
mg, of nitrogen was needed; with the mixture of essential and 
non-essential acids, 62 mg. It appears, therefore, that 
there is some physiolosical cost in the laetabollc conversion 
of essential acids to the equally important "non-essential" 
amino acids required in metabolism. 
Thus, the present experiment has demonstrated that 
nitrogen balance may be achieved when the only source of 
dietary nitrogen is from essential amino acids, providing 
the mixture contains adeqixate amounts of certain amino acids, 
i.e., methionine and phenylalanine in balanced proportions. 
This can occur whan the aaount of nitrogen present is 
equivalent to the minimal quantity of nitrogen from a high 
quality protein needed for nitrogen equilibrium. Insofar as 
the author knows, nitrogen equilibrium with essential amino 
acids only has been demonstrated heretofore at this level of 
nitrogen intake. 
The average water contents of the livers of rats in the 
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five axperiittental groups were essentially the same. Only in 
one group (18D) did the organ seem to be unduly large. This 
is the group that received the largest amount of essential 
amino acids in the ration and that also exhi'oited the highest 
retention of nitrogen. The total amount of nitrogen in the 
livers appears to be associated with the quantity of the 
essential nitrogen provided by the diet. Values were 
essentially the saae xmtil the dietary nitrogen approached 
the value for total nitrogen needed for equilibrium, there­
after they increased in a linear fashion with each increment 
of essential acid fed {Figure 4), It is interesting to 
speculate that these increments in hepatic nitrogen indicate 
that the essential axoino acids are being stock-piled in the 
liver for conversion into non-essential amino acids, 
Th© data in Table 19 also show that the average weight 
of fat in the organs representing the various groups wore not 
different except in the case of the group fed Diet 18, Its 
average value (517 lag,) was lass than the figures obtained 
from other groups (582-598 mg,)• 
Again, the results raise the question in regard to 
what effect the increased quantities of methionine and phenyl­
alanine used in this specific mixture may be exerting on 
hepatic fat, 
Stiajy D, Optical form of amino acid 
In the course of the investigation reported herein, a 
Figure 4. Nitrogen balance in relation to the quantity 
of nitrogen present in livers of rats fed 
graded doses of essential amino acids only. 
290 
285 
c Q) 
o» 
^ 280 
c 
u 
o 
cx Q> 
o> 
275 
270 
265 
30 40 50 60 70 80 
Mg. essential amino acid nitrogeny/raty/day 
120 
preparation of L-threonine became available. It seemed of 
interest to determine whether or not varying the optical 
form of threonine used in the ejqperisiental rations had any 
influence on the relative efficiencies of two different amino 
acid mixtures. 
Experiment one» Pour diets were formulated# Diets 17 
and 19 contained mixtures of only the essential aaino acids 
(EAA-II) in amounts providing 38 mg. of nitrogen per day. 
These diets contained 0.2 per cent L-threonine and 0,4 per 
cent DL-threonine, respectively. Diets 20 and 18 contained 
59,5 ag. of essential nitrogen from EAA-III, providing 0,2 
per cent L-threonine or 0,4 per cent DL-threonine, respective­
ly. 
The results are presented in Table SO. Individual 
values are shown in Tables XXI and XXII, Appendix. 
The metabolism test irsSicated that the substitution of 
0.2 per cent L-threonine for 0,4 per cent DL-threonine in 
the diets containing either mixture of essential acids only, 
1.e., EAA-H or EAA-III, elevated the tissue catabolism 
(Diets 17 and 20), 
It is very interesting that the substitution of 0,2 per 
cent L-threonine for 0.4 per cent DL-threonine present in 
EAA-II (Diets 19 and 17) produced a significant increase in 
the concentration of fat in the liver (13.6^  vs, 25.2^ , on 
thg dry basis). The increase is statistically significant 
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Table 20« Average nitrogen retention and average coii?>osition of livers of rats fed die 
tbreosine is present in either the L- or DL- form. 
Series 
Stiidj 
Experiaie 
Diet Nitrogen in daily 
Ho« dose provided tsgr 
Quantity and opti­
cal foarai of threo-
nine in ration 
Ho» Body 
of wei^ t 
rats 
Nitrogen neta-
bolism per 7 days 
Hitrogen Nitrogen Per 
fed balance 2^^  
ga. rag. jag. 
17 EAA-II only 0«2^ Ii— 6 3ia 319 -151 6 
19 EM-II only o.lA- 3 350 351 -122 7 
20 E&A-III fflily 0.2^ L- 6 3liO 309 -ua 6 
18 EAA-III only OMh- 6 321 3lt7 - 97 7i 

>f rats fad diets containing nitrogen provided by EAA-II or EAA-III in which the 
Series II 
Study A 
Experiaaot One 
t Beta- Hepatic fat 
• 7 days Liver Hepatic nitrogen (alcohol-ether extract) 
Nitrogen Per cent Fresh Dxy Total Per cent Par cent Total Per Per Ratio 
balance H2O weight fat-fraa fresh dry fat- cent cent fat; 
Height weight free freah dxy nitro-
wei^t veight weight gen 
log. gaj» 3Sg. nig. 
-151 68.8 8.11 1.91 267 3.3 lluO 639 7.9 25.2 2.U 
-122 70.3 8.21 2.10 262 3.2 12. U 332 k.o 13.6 1.3 
-iia 68.0 8.31 2.02 257 3.1 12.8 6ia 7.7 2li.2 2.5 
- 97 70.2 7.58 1.7U 2lt7 3.3 lh.2 521 6.9 23.1 2.1 
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(t = 14,5). In 1955, Slvehjem's group (Harper, et al») 
dsmonstrated that DL-threonine exerted a specific role in 
reducing liver fat deposition in the yoiaag rats. In the 
present experiment, the D-threonine must be utilized because 
it simultaneoasly reduced catabolism ard liver fat. 
Therefore, the lipogenic property of Diets 17 and 17a 
that was described in Exp evident one of Study C might be 
explained on the basis of the present observations* It should 
be recalled that Diets 17 and 17a contaijaed, respectively, 
28 and 74 mg. of essential nitrogen from SAA-II as the sole 
source of the dietary nitrogen. In each diet, L-threonine 
constituted 0«2 per cent of the ration. 
The response of the substitution of 0«2 per cent L-
threonine for 0.4 per cent DL-threonine in SAA-HI (Diets 18 
and 20) was very different. Ho sigiificant difference was 
observed between the concentrations of the hepatic fat of the 
animals in these two groups. Thus, it looks as though rela­
tions between threonine, methionine, and pherjylalanine mqr 
be important in controlling fat deposition in the liver. It 
should be noted again, however, that on the whole, EAA-III has 
some lipogenic properties. 
Experiment two: In this e:!q)eriment, the effectiveness 
of D-threonine in promoting nitrogen retention cuid reducing 
fat deposition in the liver was evaluated when it was in­
corporated in a aiixture containing both the essential and 
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non-essential amino acids. 
Three experimental diets were formulated. All diets 
contained 59.5 mg. of essential nitrogen from EAA-III and 
54.5 mg. of non-essential nitrogen from NEi\A-II, amounts 
equivalent to the acid present in one day's quota of the 
reference diet. Diets 21, 22, and ISA provided, respective­
ly, 0.2 per cent L-tlireonine, 0,4 per ceiS; L-threonine, and 
0.4 per cent DL-threonine. Again, response was evaluated in 
teras of nitrogen balance and daaracteristics of the livers. 
Data obtained from the three experimental groups are 
shown in Table 21 and Tables XXII and XXIII in the Appendix, 
(The feeding of the diet containing either 0,4 per cent L-
threonine (Diet 22) or 0,4 per cent DL-threonine {Diet 13A) 
produced a highar nitrogen retention than did the one con­
taining 0,2 per cent L-threonine (Diet 21). When the diet 
contained 0.4 per cent threonine either as the L- or the 
DL- acid, rats utilized them equally well. Again, evidence 
ia clear cut that the D-form of threonine is utilized by the 
adult rat in the nitrogen economy. Thus, lactalbumin appears 
to be low in threonine as well as in methionine and phenyl-
alajiine. 
The average weights of the livers of the rats ii); the 
groups fed the three different diets (Diets 21, 22, and ISA) 
did not appear to differ either on the fresh or on ths dry, 
fat-free basis. Average moisture contents of the organ also 
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Table 21. Average nitrogen retention and con?>osition of livers of rats fed diets cont 
is present in ©ithar the L- or DL- farm. 
Ser3 
Stu 
Experi 
Diet Nitrogen in daily Quantity and form No* Body Nitrogen laeta-
No* dose provldad ty of threonine fed of i^ght bolism per 7 days 
rats 
Nitrogen Hitr(5gen 
fed balance 
niS» Dig* 
21 EAA«III(39.5 ag.N) 0.2^  6 3lili 5ia -13 
BrEAA-II(3ii.5 lag.N) 
22 EAA-III (39.5 uig.N) 0*iijgL- 6 3liO 568 32 
SEAA-n(3U.S sig.H) 
13A EM»III(39.S Tng.N) O.i^ SteiL- 6 3i»6 612 
HEAA-II(3U.5 jag*K) 

I^ ed diets containing nitrogen provided SM-III and NEAA»II in i^ ich the thz^ ooiso 
Series II 
Study C 
gjqjeriiaQnt Two 
an nBta« Hepatic fat 
ar 7 days Liver Hepatic nitrogen (alcohol-ether extract) 
Hitrogen 
balance 
Per cent 
HgO 
Fresh 
vei^ t 
Dry 
fat-free 
weight 
Total Par cent 
fresh 
weight 
Per cent 
dry fat-
free 
weight 
Total Per 
cent 
fresh 
weight 
Per 
cent 
diy 
weight 
Batio 
fat: 
nitro­
gen 
rag* go. gm. icg. mg. 
-13 69.0 8.11 1.92 263 3.2 13.8 590 7.3 23.6 2.2 
32 69.0 8.31 1.97 275 3.3 iJi-O 611 7.U 23.7 2.2 
lt6 69.3 8.a2 2.02 265 3.2 13.3 558 6.6 a.6 2,1 
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were similar. Actual and relative quantities of hepatic 
nitrogen were approximately the same. Total hepatic fat 
varied from 558 to 611 mg.; the percentage of hepatic fat 
on the dry basis from 21.6 to 23.7 per cent. Differences in 
percentage of hepatic fat, however, were rsot statistically 
significant. 
Series III. Influence of Variation in the 
Kon-nitrogenous Components of the Diet 
Study A. Variations in the source of dietary carbohydrate 
As indicated in the "BEVIsy? OF LXTERATURE", various 
investigators have demonstrated that under their experimental 
conditions certain dietary carbohydrates when incorporated 
into rations containing either intact proteins or mixtures 
of axaino acids only, exerted a favorable influence on rate 
of growth, synthesis of B-vitamins in the intestine, nitro­
gen retention, and fatty composition of liver. The purpose 
of the present investigation was to study the influence of 
different carbohydrates on retention of nitrogen when thoy 
were incorporated into diets containing the amino acid mix­
ture found most favorable to nitrogen retention. 
Pour diets were used in the study. Diet 13A, as a 
control diet, contained dextrin and EAA-III plus NEAA-H. 
In Diets 23, 24, and 26, dextrin was replaced, respectively 
by starch, dextrose, and sucrose. It should be noted, how­
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ever, that all diets contsdned approximately 68^  of carbo­
hydrate and provided 74 mg, of total nitrogen in one day's 
quota of feed that originated from EAA-III (59,5 mg, N) and 
HEAA-II {34.5 mg. H). 
Table 22 presents average data pertaining to the four 
groups of animals fed diets containing carbohydrates from 
various sources (Diets ISA, 23, 24, and 25), Individual 
values are shown in Tables XXV and XXVI, Appendix. 
The average nitrogen balance of the rats indicated that 
the replacement of dextrin by starch did not introduce any 
appreciable change in the retention of nitrogen {62 lag. vs. 
45 mg./days)• The replacement of dextrin by either dextrose 
(Diet 24) or sucrose (Diet 25), however, resulted in negative 
nitrogen balances, i.e., -135 and -59 mg, per 7 days. The 
differences in the nitrogen balances of the rats in these 
groups and those fed the control ration (Diet ISA) were 
highly significant (Fg 16.59). The catabolism of the 
rats upon the feeding of dextrose was higher than that 
characteristic of any other group. 
The average weights of the livers of the rats in the 
groups fed the four different experimental diets (Diets 13A, 
23, 24, and 25) did not appear to differ, either on the fresh 
or on the dry, fat-free basis. Average moisture contents of 
the organ also were similar. 
The feeding of the four different expapimental diets 
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Table 22, Average nitrogen retention and average composition of livers of rats when the 
I containing different sources of carbohjdrate. 
Series 
Study 
Diet Source of carbo- Qaantity and source 
No. hydrate in ration of nitrogen in one 
day's quota of feed 
Ho. Body Nitrogen msta-
of weight boliss per 7 days 
rats 
Nitrogen Nitrogen Per 
fed balance E^ O 
gta« mg. 
13A Dextrin EAA-III 
HSAA-II 
(39.5 
(3li.5 TBIg, 
H) 
N) 
h • 331 581 iiS 
23 Starch EAA-III 
NEAA-II 
(39.5 
(3li.5 
mg, 
ag. 
N) 
N) 
5 333 612 62 
2h Dextrose EAA-III 
IJEAA-II 
(39.5 
(31^ 5 
mg. 
Big. 
K) 
H) 
h 336 563 -135 
25 Sucrose EAA-III 
NEAA-II 
(39.5 
Oh*> 
mg. 
mg. 
H) 
N) 
6 333 559 -59 

f rats when the amno acid mirture (EM»IiI plus NSAA-II) was incorporated in diets 
Series III 
Stu<^  A 
iRsta- Hepatic fat 
7 days Liver Hepatic nitrogen (alcoboi-ethsr eztract) 
Nitrogen Per cent Fresh Dry Total per cent Per cent Total Per Per Ratio 
balance H^O weight fat-free fresh dxy fat- cent csnt fat: 
weight weight free fresh dry nitro-
weight weight weight gen 
sag. gm. gm, mg, rag, 
1(5 68.1i 7.97 1.97 266 3.h 13.5 51i8 6.9 21.8 2.1 
62 68.7 7.76 1.88 255 3.3 13.6 51t2 7.0 22,k 2.1 
-135 ' 69.3 7.56 1.8U 257 3.h lli.O li82 6.1^  20.6 1.9 
-59 69.6 7.95 1.93 277 3.5 lii.4 U86 6.1 20.1 1.8 
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seemed to produce no change in the coricenfcration of hepatic 
nitrogen that could be considered significant, as measxired by 
either actual or relative quantities. 
Seither did the kind of carbohydrate used in the ration 
affect the actual and relative qixantities of fat in the liver 
to any significant extent. 
Study Bi Variations in the energy value of the diets 
Since Rose, Coon, and Lambert (1954) have stated that 
they have no satisfactory e:!^ lanation for the \jnfavorable 
retentions of nitrogen exhibited by hxman subjects receiving 
amino acids in diets adequate to meet their energy require­
ments, it seemed important to study the relation of varia­
tions in caloric value of the ration on nitrogen balance 
under the experimental situations described in the present 
investigation* Data are presented in Table S3 and in Tables 
XXVII and XXVIII of the Appendix. In addition to the measure­
ments usod up to this point for evaluation of response of the 
rats, studies were made of carcass composition. 
Three experimental diets were formulated. Diet 13A was 
the control diet# All diets contained 10 per cent of hydro-
genated lard {Swiftn'ing) and 10 per cent of butterfat. The 
absolute quantities of fat and carbohydrate were reduced 
proportionately in Diets 26 and 27 so as to provide ap­
proximately 50 and 36 calories la one day's quota of food In 
contrast to the 65 calories yielded by the control ration. 
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Tatile 2^, Average iiitrogen retention and average C0ii?>05iti0n of livers of rats wfeen th 
of varying calorifc value • 
Series 
Stud 
Diet 
No. 
Caloric value of 
one day's qvxota 
of diet 
Quantity and source 
.of nitrogen in one 
day's quota of diet 
No. 
of 
rats 
Body 
weight 
Nitrogen meta­
bolism per 7 days 
Nitrogen 
fed 
Nitrt^en 
balance 
Per 
H2O 
Cal. gin# mg. log. 
13A (6 SAA-IH (39,5 rag.N) 
NEAA-n (3l|.5 rag.N) 
6 352 625 80 6 
26 50 EAA-in (39.5 mg.N) 
NSM-II (3ll.5 lag. N) 
8 338 666 17 t 
27 35 EAA-III (39.5 iHg.N) 
NSM-II (3u.5 rag.N) 
6 312 635 -159 6 

of z^ts ^ en the amino acid mixture (EAA-III plus iSM-IX) vas incorporated in diets 
Series III 
Stud^ B 
lOeta—  ^ hepatic felt 
7 days Liver Hepatic nitrogen | (alcohol-ether extx^ ct 
Nitr(3gen 
balance 
Per cent 
HgO 
Fresh 
weight 
Dry 
fat-free 
weight 
Total Per cent 
fresh 
weight 
per cent 
dry fat-
free 
weight 
Total per 
cent 
fresh 
weight 
Per 
cent 
day 
weight 
Ratio 
fat: 
nitro­
gen 
ing« gjn. g®. mg. mg. 
80 69* h 7.96 1.88 26k 3.3 lii.l S$k 7.0 22.8 2.1 
17 69.lt 7.0k 1.68 266 3.8 15.8 klk 6.7 22.0 1.8 
-159 6?.ij 6.1jO 1.58 250 3.9 15.8 379 5.9 19.3 1.5 
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It should be noted that the day's allotment of each ration 
contained the same quantities of other dietaiy components. 
All provided 74 mg. of nitrogen from tiie combination of 
EAA-III {39,5 mg, N) and HSAA-II (34,5 mg. lH), One day* s 
feed in the solid form of Diets 13A, 26, and 27 weighed 13, 
10,2, and 7,3 gni,, respectively# 
The inability of Diets 96 and 27 to support protein 
nutrition was evident even in an early phase of the experiment. 
All rats in group 26 lost weight (Appendix, Table XXVII), the 
average loss in the experimental period of group 26 being 
11 gm,5 of group 27, 40 gm. The feeding of the control 
diet (Diet 13A) which provided approximately 65 calorics 
daily permitted the rats to gain on the aver 10 gm, during 
the same period {range 7 to 16 ^ .), 
The nitrogen balances of the rats fed diets of varied 
energy value were striking also. The difference in nitro­
gen balances between the three gro^ s were hi^ ly significant 
(Fg^ l7« 606,71), 
All the rats in the COTitrol group (Diet 13A) were in 
positive nitrogen balance. On the average, the group 
stored about 80 mg. of nitrogen (range 47 to 102 mg. during 
the 7-d9 metabolism period). Greater individual variation 
in nitrogen retention, however, was associated with the 
feeding of Diet 26 than was the case in the rats receiving 
the control diet (Diet 13A). The mean retention of nitrogen 
of rats fed Diet 26 was positive, i.e, 17 mg. with a range 
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in values from -43 to 105 rag. Comparison of the nitrogen 
balances of groups ISA and 26 indicated that the difference 
between theia was significant at the 5 per cent level (t^  ^= 
2*35}« The rats given the diet providing approximately 35 
calories in one day*s quota (Diet 27) dropped into a severely 
negative nitrogen balance. The average nitrogen balance was 
-159 rag, per 7 days. 
Thus retention of nitrogen was related to the caloric 
value of the diet. It should be noted that the rats main­
tained nitrogen equilibrium when offered a ration providing 
50 calories in one day»s quota. This was the approximate 
energy value of the food consmed by the rats nfcen fed, ad 
libitum, the reference diet containing a lactalbujnin prepara­
tion at the 4 per cent level. It is very interesting that 
the rats in this experiment receiving amino acids as the 
sole source of dietary nitrogen do not seem to need calories 
over their regular requirement as suggested by Rose, ^  al, 
in 1954, It is si^ sgested that the need for additional 
calories under his experiiiental situations may be explained 
on the basis of the efficiency of the amino mixture fed. 
Further evidence for this hypothesis is presented in Table 
24 in which retentions obtained during the course of this 
investigation with various mixtures of amino acids may be 
compared when the diet furnishes 65 calories per day. 
The average nitrogen balance of the rats fed Diet 4 
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furnishing 66 calories per day and containing a mixture of 
amino acids simulating those present in on© day's quota of 
the reference diet {EM.-I plus KEAA-I), was 3 rag« during 
the 7-d20r metabolism period. The simultaneous substitution 
of cystine and tyrosine nitrogen with methionine an3 phenyl­
alanine nitrogen, respectively, (Diet 120) induced a similar 
Table 24« Composition of amino acid mixtures and nitrogen 
retention at a constant level of caloric intake. 
Diet Amino acid mixture 
74 mg. N/day 
Daily caloric 
value of 
force-fed 
diet 
Nitrogen 
balance 
in the 
7-day 
test 
period 
4 EAA-I plus HEAA-I 65 8 
12C EAA-n plus SEAA-II 65 6 
13A EAA-III plus HEAA-II 65 80 
26 EAA-III plus KEAA-III 50 17 
retention (6 mg.) at this level of caloric intake. Increases 
in the quantities of methionine and phenylalanine at the 
esqpense of the non-essential amino acid mixture as vas done 
in Diet 13A resulted in positive nitrogen balance (80 mg./ 
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7 days). Also, this diet (Diet ISA) fed in amounts providing 
only 60 calories per day was as effective in projaoting nitro­
gen balance as were less efficient mixtures (Diets 4 and 
12G) fortified with 65 calories per day. 
Data pertaining to the characteristics of the livers 
as shown in Table 23 and Table XXVIII In the Appendix are 
interesting. The average relative quantities of moisture 
in the livers of the rats fed three different experimental 
diets were identical. The mean weights of the organ, how­
ever, either on the fresh or on the dry, fat-free basis, 
were statistically different at the 1 per cent level (5*2,17" 
48»27 and Fg 2,54), The rats fed the low calorie diet 
had the smallest liver. 
The effect of caloric restriction is especially 
discemable when groups fed Diets 12A and 27 are compared 
(i,e,, 65 calories per day vs, 55), As noted above, the 
mean weight of the liver of the group fed 35 calories per 
day was less than that of the rats fed 65 calories. This 
was due to a loss in hepatic fat since moisture contents are 
identical. With the less fatty liver, then, one would 
expect some increase in the relative concentration of hepatic 
nitrogen, mich was the case. Results obtained with the 
group fed Diet 26 are not as clear, but this is the aore 
variable group receiving calories close to the critical 
level. 
134 
The actual and relative quantities of fat in the organ 
of rats fed the three expoziraental diets were statistically-
different at the 1 per cent level {Fg 31.29 and Fg 
16.6). 
The present experiments suggest that the weights of 
livers and the concentration of fat in the organ reflect 
the caloric value of the experimental diets. 
The whole carcasses of rats maintained on three dif­
ferent experimental diets were analyzed for moisture, total 
nitrogen, and fat. Data pertaining to these determinations 
are shown in Table 25 and Table XXIX, Appendix. 
A definite loss In the total water present in the 
whole carcass resulted from the feeding of a diet providing 
approximately 35 calories per day instead of 50 or 65 calories. 
The difference between the three groups was statistically 
significant at the 1 per cent Isvel (?„ 24.42), On the 
w p JL fl 
relative basis, moistiire content of the carcass increased 
as the caloric value of the diet decreased. The carcasses 
of the positive control group (Diet 13A) contained an average 
of 125 gm. of dry matter; those of group 26, 111 gm.; and 
of group 27, 96 gm» The respective relative values for 
quantity of diiy matter present were 37.0, 34.6, and 33.1. 
Both actual an3 relative quantities of dry matter present in 
carcasses of r^ ts fed 1iie three eaperimental diets were dif­
ferent at the i per cenb level {P„ 71.78 and F " 59.0, df X, f X7 
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Table 25« Average carcass composition of rats when the anino acid mixture (EAA-III plu 
Series 
Stuc^  
Diet Caloric value of Quantity and source No« Carcass 
one day's quota of nitrogen in one of weight Moisture 
of diet day's quota of diet rats (liver-
free) 
Per Total Brj 
cent wei^  
Per Tota: 
cent -weigl 
Cal. 
13A 65 
26 50 
27 35 
EAA-m (39.5 mg.K) 
EAA-II (3lt.5 mg.N) 
EAA-III (39.5 
EAA-II (3U.5 mg.N) 
EAA-HI (39.5 fflg.K) 
EAA-II (3li.5 ag.N) 
gm. 
6 338 63.0 
8 321 65.1i 
6 290 66.° 
gm, gnu 
213 37.0 125 
210 3I1.6 111 
19U 33.1 96 

ire (EAA-III plus KEAA-II) was incorporated in diets of varying caloric value. 
Series III 
Study B 
Diy matter Carcass nitrogen 
Carcass fat 
(alcohol-ether extract) 
Dry Dry, fat-free Total Per cent expressed in Total Per cent expressed Hatio 
Per Total per Total 
cent weight cent weight 
terms of 
Fresh Dry Dry 
weight weight fat-
free 
weight 
in terms of 
Fresh Dry 
"weight weight 
gau gia. gra, gm. 
} 37.0 125 23.2 78.5 11.7 3.5 9.3 llt.8 h6.3 13.7 37.0 k^ O 
) 3^ 6 111 23.0 7i^ .O 11.6 3.6 lO.li 15.6 37.1 11.7 33.6 3.2 
t 33.1 96 2h.3 70.5 10.9 3.8 11.3 iS.h 25.5 8.8 26.6 2.3 
y 
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respectively)• 
The per cent of dry, fat-free matter in the carcasses 
of group 27 was about the saiae as that of animals in groups 
fed Diets ISA and 26. However, the actual quantities of 
dry, fat-free matter in the carcasses of groups 13A, 26, and 
27 were different, i.e., 78»5, 74,0, and 70,5 grn., 
respectively. These values depicting relative amoimts of 
dry, fat-free tissue are in accord with the retentions cf 
nitrogen characteristic of the three groups of rats. 
Both sets of observations sre confirmed by the 
significant loss in the total nitrogen from the mole carcass 
that followed the feeding of Diet 27 which provided p^in>xi-
mately 35 calories in one day's quota of food. The t»tal 
quantities of body nitrogen of the rats fed Diet 15A (65 
calories per day) and Diet 26 (50 calories per day) ware 
essentially the same. 
It was found that the feeding of Diets 26 and 27 pro­
duced a significant change in the concentration of fat in 
the carcass. This observation bears out the idea that the 
caloric requirement is increased when amino acid diets are 
fed. The rats apparently have been forced to draw on body 
stores of fat for additional calories. That this occurs in 
the group fed 60 calories per dsy (Diet 26) despite main^  
tenance of satisfactory nitrogen balance again suggests that 
this is a critical level of energy for maxiraum utilization 
of dietaiy nitrogen coming solely from amino acids. 
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Evaluation of Amino Mixtures Pormulated 
It was thought that it might be interesting to evaluate 
the composition of the amino acid mixtures formulated in the 
present investigation in relation to the lainimal requirements 
of the various amino acids for maintenance of nitrogen 
balance in man as set forth by Rose, Wixomj Lockhart, and 
Lambert in 1955# In this evaluation, the relative amounts 
in the two formulae of each essential amino acid in respect 
to the quantity of tryptophan was used as indices for com­
parison* Theoretically, utilization is determined quanti­
tatively by the amino acid present in the sisallest amovint, 
i«e«, "the law of minimum'*. Tryptophan is the amino acid 
that occurs in smallest amo\aits in natural proteins. 
The quantities of each amino acid in the three mixtures 
tested in the present experiment and the amounts recoisnended 
by Rose, et al» are shown in Table 26, The proportionality 
relationships with tryptophan expressed as unity appear in 
Table 27. 
The amino acid mixture used by Rose in his animal 
studies in lahich the essentiality of certain amino acids was 
established on the basis of the cciino acid content of casein 
(Rose, 1951), Several modifications were made in this mix­
ture over the course of time (Rose, e_t al«, 1949 )• Then when 
the Illinois investigations shifted to a study of human re-
Table S6« Composition of amino acid mixtures supporting body maintenance. 
Amino acid Quantity of utilizable amino acids 
Iowa formulae for rat maintenance Rose»s tenta-
tive recom­
mendation for 
Mixtiire 1 Mixture 2 Mixture 3 minimum in -
take 
mg. mg. mg. gm# 
Tryptophan 9.2 9.2 9.2 0.25 
Methionine 10.S 30.2 37.1 1.10 
Cystine 16.1 irnmrnm 
Total S-containing acids 26.4 30.2 37.1 1.10 
Phenylalanine 10.2 45.5 52.9 1.10 
Tyrosine 27.3 - - -
Total -Containing acids 45.5 45.5 52.9 1.10 
Arginine 14.2 14.2 14.2 
Histidine 9.1 9.1 9.1 
Isoleucine 27.7 27.7 27.7 0.70 
Leucine 63.8 53.8 53.8 1,10 
Lysine 41.9 41.9 41.9 0.80 
Threonine 51.4 51.4 51.4 0.50 
Valine 28.4 28.4 28.4 0.80 
Table 27, Ratios of amino acid components to tryptophan in amino diets 
supporting body maintenance 
Amino acids Ratio of quantity of each amino acid to 
tryptophan  ^
Iowa formulae for rat main- Rose's 
tenanoe tentative 
r ©commend a-
Mixture 1 Mixture S Mixture 3 tlon for 
hmnan 
beings 
Tryptophan 1.0 1.0 1.0 1.0 
Methionine 1.1 3.3 4,0 4.4 
Cystine 1.8 — 
Total S-containing acids 2.9 3.3 4.0 4.4 
Pheny laitianl ne 2.0 4.9 5.6 4.4 
Tyrosine 3.0 — 
Total -containing acids 4.9 4.9 6.8 4.4 
Arginine 1.5 1.5 1.5 
Histldine 1.0 1.0 1.0 
Isoleucine 3.0 3.0 3.0 2.8 
Leucine 5.8 5.8 5.8 4.4 
Lysine 4.6 4.6 4.6 3.2 
Threonine 6.6 5.6 5.6 2.0 
Valine 3.1 3.1 3.1 3.2 
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quirements for the varioijs amno acids, the initial amino 
acid mixture used was the one which supported the best growth 
in the rat of any preparation tested in their laboratoiT" up 
to liiat time and ishich had had its origin in the composition 
of casein (Rose, et al,, 1950). As the requirement for each 
essential aaaino acid was established, the composition of the 
test niixture was modified accordingly (Rose, 1949), Froci 
these data then, miniuium requirements eventually were 
evoked (Rose, et al», 1955), 
The ratios of the concent rati oriS of the various amino 
acids to that of tryptophan in Mixture 1 (Table 27) actually 
are the ratios that describe tbs protein, lactalbiasin, with 
the exception of the concentration of threonine. Threonine 
was incorporated into this mixture at the level in which the 
L-form occurs in lactalbumin# Only DL-threonine was 
originally available, so the amino acid was fed in doses 
providing twice the quantity indicated by the cowposition 
of lactalbumin. However, it was demoisstrated that the D-fonn 
was utilizable under the experimental conditions imposed and 
that the feeding of either L- or DL-threonine at the 0«4 
per cent level definitely improved nitrogen retention over 
that obtained by the feeding of 0«2 per cent L-threonine, 
the level dictated by the composition of lactalbumin. 
The changes in the ratios of methionine and phenyl­
alanine to tryptophan in Jitixtures 2 and 3 are associated with 
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progressively greater efricioncies of the aiaino acid coa-
hinations in respect to their ability to support retention 
of nitrogen. 
Comparison of the exalzxo acid-tryptophan ratios presented 
in Table 27 siiow that there is a close similarity between 
many of the ratios for the most efficient mixture formulated 
in the present investigation (Mixture 5) and Rose's values 
for minimal aaiiio acid requirements in adult human beings# 
One of the most interesting digressions is in respect 
to phenylalanine, the ratio being 5,8 in the formula of the 
amino acid mixture for maintenance of nitrogen equilibriuia 
in the rat and 4*4 in the list of niinimal require;nents of 
sinino acids in man. It may be recalled that phenylalanine 
was involved definitely in the delicate balance with methio­
nine whereby the efficiency of Mixture Ko» 1 was increased 
In respect to its ^ ility to support a normal fat concentra­
tion in the liver and to maintain nitrogen equilibriiiai at a 
decreased level of total nitrogen intake (Mixture So, 2), In 
the presence of cystine ana limited amounts of sasethionine, 
excess phenylalanine was definitely lipogenic and conducive 
to the establishraeaat of iBgative nitrogen balance (Table 12). 
With the total sulfur content of the diet mad© up of methio­
nine only, phenylalanine was lipota^ opic and efficient in re­
gard to the promotion of retention of nitrogen. It is 
believed that the jacesent experiiaent indicates that the adult 
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rat needs a higher level of phenylalanine than heretofore 
believed and that the proportion of phenylalanine to trypto­
phan may be of importance in determining balance between 
ingredients of an amino acid mixture# Under the conditions 
laid down by Hose in his studies with adult men it has, of 
coia'se, been impossible to secupe data pertaining to com­
position of liver# 
The change in the methionine-tryptophan ratios in 
Mixtures 2 ana 5 from 5.5 to 4.0 illustrates the key position 
of methionine and the part it plays in controlling nitrogen 
metabolism# In Mixture 2, it was definitely lipotropic 
and exerted a favorable effect on retention of nitrogen; 
in Mixture 5, although the larger quantity of this acid 
improved the utilization of the mixture, it simultaneously 
imparted some lipogenic properties# One wonders what 
transpired in the human beings nfeen the met hionine-trypto­
phan ratio was 4#4# 
Hose and Wixom used the DL- form of the amino acid in 
the investigation describing the human requirement for threo­
nine (1955), and therefore introduced twice the amount called 
for by their formula into the amino acid mixture employed# 
If the observations of the present experiments are confirmed 
in regard to the physiological utilization of D-threonine by 
the adult rat, and if the re stilts of an animal experiment 
are applicable to man, an alteration in Rosens recommendation 
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valvie aay be indicated. 
In the progress of Rose's e^ gjeriments, the proportions 
of the amino acids listed in his tentative requirements were 
increased gradually so that they now diverge rather sharply 
froia the composition of casein in respect to methionine and 
phenylalanine as set forth by Steffee, et in 1950. 
This experience has a counterpart in the experiment reported 
herein. In this case, digression from the composition of 
lactalbiamin occurred. In botfc instances, it was demon­
strated that natural proteina my not contain amino acids 
in the best proportions for the maintenance of nitrogen 
balance. But it is very interesting that two different ap­
proaches involving two different species and different 
reference proteins have led to results surprisingly com­
parable* 
The proportionality figures vary in respect to leucine 
and lysine also. Whether the excess proportions of these 
two acids in Mixture Ho. 3 have any antagonistic action 
should be studied in the future* 
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SUJdMARY 
Eventually protein requiremsnts will be considered in 
terms of the requirements for the specific amino acids. A 
program of research has been in progress for some years in 
the Nutrition Laboratory of the Home Economics Research 
Department that has as its objective the determination, 
qualitatively and quantitatively, of the amino acids needed 
for the Ejaintenance of body substance by the adult male 
albino rat. Results obtained in these investigations 
indicated that certain questions needed clearance before the 
ultimate objective could be attained. These questions may 
be listed as follows: In what way do variations in the 
amounts and proportions of methionine, phenylalanine, cystine, 
and tyrosine influence the nutritive value of an amino acid 
mixture for body maintenance? Is the D-form of threonine 
physiologically available? What effect do variations in the 
source of carbohydrate or in the total energy value of the 
diet have on utilization of nitrogen when amino acids provide 
the sole source of dietary nitrogen? The present investiga­
tion dealt with these problems and is a continuation of the 
work initiated by Kuehl (1949) and Clark (1950). 
The basic amino acid mixture used in the study herein 
reported was modeled after the amino acid composition of 
lactalbumin, a "single" protein of well-established nutritive 
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value. It had been shown that the feeding of a ration con­
taining 4,27 per cent of the specific lactalbumin prepara­
tion tested supported nitrogen equilibrium in the adult 
aninial. This ration, therefore, became the reference diet 
and the initial amino acid mixture was formulated to simulate 
the assortment of acids provided by the amount of this ration 
that would provide 60 calories per day. The concentration of 
the various amino acids in the lactalbumin preparation was 
determined microbiologically. 
Three different mixtures of amino acids were formulated. 
The first mixture contained an assortment of essential arid 
non-essential amino acids (i.e., EAA-I plus KEAA-I), approxi­
mating those occurring in the lactalbumin present in one day's 
quota of the reference diet. All of the amino acids occurring 
in lactalbumin except serine aid hydroxyglutamic acid could 
be secured for incorporation into the mixture. It o^ald be 
noted that the portion of this mixture representing the non­
essential acids contained cystine and tyrosine in the amounts 
present in the lactalbumin preparation. 
In the second mixture, the cystine and tyrosine present 
in Mixture 1 were replaced isonitrogenously by methionine and 
phenylalanine, respectively. The second mixture (EAA-II plus 
HEAA-II), therefore, was considerably enriched in respect to 
methionine and phenylalanine. The total quantities of nitro­
gen provided by the sulfur-containing amino acids (methio-
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nine and cystine) and by the acids carrying the benzene riiig 
(phenylalanine and tyrosine) were the same in Mixtiires 1 and 
2. 
In Mixture 3, the methionine and phenylalanine present 
represented the total sulfur and aromatic (Q ) acids 
occurring in the amount of non-essential nitrogen, i,e», 65 
mg., that gave the best nitrogen retention when Clark (1950) 
fed the first mixture of essential acids (EM-I) with graded 
doses of NEAA-I, 
It should be noted, however, that the total amoimt of 
nitrogen furnished per day from rations containing any one 
of these three mixtures was 74 mg., the equivalent of that 
provided by the daily feeding of the reference diet con­
taining lactalbxamin, and isfciich supported nitrogen equi­
librium. 
Adult male albino rats, approximately six months old, 
were used in the experiment. In order to control the total 
daily intake of food and its caloric value, all experimerfcal 
diets were administered by means of a forced feeding 
technique. The energy value of each day's quota was 60 
calories. The relative protein nutrition of the groups of 
rats given the various experimental diets was evaluated in 
terms of body weight, nitrogen balance, and composition of 
liver in respect to nitrogen, fat, and moisture. 
The investigation was divided into three series. In 
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Series I, the adeqiiacy of ths basic diet was evaluated. 
Folic acid and vitamin were available when the present 
study was initiated and it became necessary to determine 
the effect of substituting tiiem for the rice bran polish 
used in the diets in the early phases of the program as a 
source of the then not clearly identified vitamins. ?/hen 
Mixture 1 provided the sole source of the dietaiy nitrogen, 
the substitution of folic acid and vitamin for rice bran 
polish did not change the response of the rats as measured 
in terms of nitrogen retention and fat content of liver. 
These vitamins tiiereafter were incorporated routinely into 
the test rations in lieu of rice bran polish iifcich had 
become unavailable. 
In Series II, the influence of variations in the amounts 
and proportions of certain acids in the mixture of amino 
acids on the protein nutrition of the animals was studied. 
Previo\:is work in the laboratory directed to a atvdj of the 
essentiality of fee non-essential amino acids (Clark, 1960) 
had shown that when graded doses of the mixture of non­
essential acid (WEAA-I) were fed in conjunction with S4 mg. 
of essential nitrogen as provided by Mixture 1 (EAA-I), the 
regression of nitrogen balance on quantity of non-essential 
nitrogen provided was linear, arx3 that nitrogen equilibrium 
was attained when the diet provided approximately 74 mg. of 
nitrogen from a combination of EAA-I and NEAA-I, the equiva­
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lent of that provided by one day's quota of the reference 
diet that supported nitrogen eqxiilibrium. It was tiiought 
that the iiaprovenient in nitrogen retention associated with 
each increment in non-essential nitrogen was ascribable to 
the increases in the cystine and tyrosine vslues of the diet 
that ensued. Therefore, in the present study, methionine, 
phenylalanine, cystine, and tyrosine relations were explored. 
It was foiH3d that all diets were lipogenic. Their 
activity in this respect was related directly to the amount 
of non-essential nitrogen fed. It was inferred that cystine 
was the lipogenic agent. It was found also that rats fed the 
4 per cent lactalbumin diet had fatty livers. 
To test this hypothesis, cystine was removed from the 
ration. Its omission from HEAA-I resulted in marised 
nutritive failure as measured in terms of nitrogen balance. 
The concentration of fat in the liver, however, was iM>rnial« 
The omission of tyrosine from the non-essential mixture in­
duced a slightly negative balance. The livers of these 
animals were fatty. When cystine and tyrosine were replaced 
isonitrogenously by methionine and phenylalanine, respectively, 
rats retained increased amounts of nitrogen and maintained a 
normal concentration of fat in the liver. Rats fed the 4 per 
cent lactalbumin diet, however, had fatty livers resulting, 
as the evidence above indicates, from imbalance in amounts 
and proportions of methionine, phenylalanine, cystine, and 
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tyrosine present. 
When the essential nitrogen from EAA-II was fed in con­
junction with graded doses of a mixture of non-essential 
amino acids lacking in cystine and tyrosine (NEAA-II), reten­
tion of nitrogen, as compared with that obtained when 
Mixture 1 was used in the initial experiment, improved with 
each incremfflit up to the point ^ ere 40 mg, of non-essential 
nitrogen was provided daily, it was believed that the 
superiority of amino acid Mixture 1 when more than 40 mg. of 
non-essential amino acids were fed, coiild be attributed to 
the increased amounts of cystine and tyrosine present. 
Studies with the feeding of essential Mixture 3 proved 
this point. When this mixture was fed with graded doses of 
non-essential nitrogen, nitrogen balance again appeared to 
be related in a linear fashion to the amount of non-essential 
amino acids administered. However, the response was 
superior to that obtained when either Mixture 1 or Mixture 2 
was si5>plemented similarly with non-essential nitrogen. 
Considerably less non-essential nitrogen was needed for the 
establishment of nitrogen equilibrium with Mixture S than 
with either Mixtures 1 or 2. Thus the dependence of the 
biological efficiency of an amino acid mixture on its methio­
nine and phenylalanine content was demonstrated. 
In the next e^ eriment, evidence was obtained from another 
angle of interrelations between methionine, phenylalanine. 
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cystine, and tyrosine that affect the nutritive value of an 
amino acid mixture. In this test, a single non-essential 
amino acid replaced the combination of acids present in NEAA-
!• Glutamic acid was chosen for the test and was fed in 
amounts to bring the total daily nitrogen intake up to 74 mg. 
When this acid was added alone to EAA-I, the animals passed 
into acute negative balance and had livers normal in respect 
to fat. However, when it was added to EAA-II, very satis­
factory balance ensued. The fat content of these livers was 
normal. In the first instance, the absence of dietary 
cystine prevented the occurrence of fatty livers even in the 
presence of acute negative balancej in the second, methio­
nine exerted its lipotropic properties. The e^ qjeriment also 
showed that as in the case of growth, ttie nature of the non­
essential nitrogen does not need to be defined providing the 
essential acids fed contain appropriate amounts of methio­
nine and phenylalanine* 
Efficacy of mixtures containing essential amino acids 
only for the support of protein nutrition was determined and 
provided further data relating to the importance of methio­
nine and phenylalanine. Mixture 1 (EAA-I) fed in the amount 
that provided the essential amino acids present in one day's 
feed of a 4,27 per cent lactalbumin diet did not support 
nitrogen equilibrium. Neither did it do so vitoen fed in twice 
this quantity. Mixture 2 (EAA-II) fed in doses providing 38 
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mg, of nitrogen daily and without supplementary non-essential 
amino acids defirdtely lowered the break-down of body tissue 
that occurred 'jtien EAA-I was given. When the amount of EAA-
II was doubled the mixture supported nitrogen equilibriuaio 
The response with Mixture S was essentially the same.- Mix­
ture 3 also was fed in graded doses. Nitrogen balance was 
related linearly to quantity fed. This is the first time 
that it has been shown that the essential amino acids can 
support nitrogen equilibrium in the absence of fortifying 
non-essential nitrogen when the total nitrogen is held at a 
minimal value, i.e., that equivalent to the nitrogen in a 
quantity of high quality intact protein which will prevent 
loss of body tissue. 
Effect of varying the optical form of the amino acid in 
the essential amino acid mixture was determined, threonine 
being chosen for the determination. The feeding of the diet 
containing either 0.4 per cent L-threonine or 0.4 per cent 
DL-threonine produced a greater retention of nitrogen than 
did the one containing 0.2 per cent L-threonine. The nitro­
gen retention of the rat fed a diet containing 0.4 per cent 
DL-threonine was similar to the value obtained iidien rats were 
fed the same diet containing 0.4 per cent L-threonine. When 
supplementing the essential mixture, EAA-II, unfortified by 
non-essential nitrogen, DL-threonine was more lipotropic 
than L-threonine. 
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The last series was designed to study the influence of 
variation in the non-nitrogenous components of the amino 
acid diet on protein nutrition. The effect of substituting 
starch, dexta^ se, or sucrose for the dextrin in the control 
diet was determined. The rats ingesting the dextrose and 
sucrose rations passed into negative nitrogen balance. The 
average percentage of the hepatic fat remained essentially 
the same in all groups. 
In the last experiment, the effect of feeding the amino 
acid diet at different levels of food energy value was 
determined. Mixture 5 (EAA-III plus NEAA-II) was used as the 
source of dietary nitrogen. The respective rations provided 
approximately 65, 50, and 35 calories per rat per day. Reten­
tion of nitrogen was associated with the energy value of 
the diet. It ranged from 80 mg./7 days when the energy value 
of the day's ration was 65 calories to an acute negative 
nitrogen balance, -159 mg./7 days, when the caloric value was 
reduced to 35 calories. The rats, however, maintained nitro­
gen equilibrium when offered food providing approximately 50 
calories per day. This was the approximate energy value of 
the food consumed by the rats, vifoen they were fed, ad 
libitum, the reference lactalbumin diet. These latter 
observations are not in line with those of Rose in which adult 
men were unable to maintain nitrogen equilibrium when fed 
diets containing amino acids unless the energy value of the 
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ration was well above the estimated daily allowance. 
Carcasses of rats maintained on these rations of vary­
ing caloric vsOL ue were analyzed for moisture, total nitrogen, 
and fat. Definite losses in total water, fat, dry, fat-free 
matter, and nitrogen occurred as the result of feeding of a 
diet providing approximately 55 calories per day instead of 
65 calories. While a diet yielding approximately 50 calories 
daily promoted retention of nitrogen, there were losses of 
carcass fat. This observation may mean that the energy value 
of the ration was approaching a critical level under this 
specific feeding regime. 
The three mixtures of amino acids formulated in the 
present investigation were compared with values for the 
amounts of the various amino acids needed for the maintenance 
of human beings as set forth by Rose in his tentative minimal 
recommendations. 
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CONCLUSIONS 
Lactalbumin, althou^  it rates high in regard to bio­
logical efficiency, does not contain certain amino acids in 
proportions that are the most efficient for the retention of 
nitrogen or for the maintenance of a normal concentration of 
hepatic fat in the adult male albino rat. Its limiting amino 
acids are methionine, phenylalanine, and threonine. Although 
cystine and tyrosine augment the amounts of the respective 
companion essential acids present, they render the intact 
protein lipogenic. The concentration of methionine in 
lactalbumin is not high enough to offset the lipogenic 
influence of cystine. 
Amino acids when fed as the sole source of dietary 
nitrogen and when combined in an assortment quantitatively 
resembling the amino acids present in lactalbumin behave like 
the intact protein, not only in respect to ability to support 
nitrogen retention but in favoring the deposition of hepatic 
fat. Additional methionine inco2?porated at the expense of 
cystine into a mixture of the same total nitrogen value 
renders the amino acid mixture lipotropic and increases its 
nutritive value in respect to nitrogen retention. Extra 
methionine beyonS this point makes the amino diet lipogenic 
again. 
Additional phenylalanine in an amino acid diet contain­
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ing cystine and a low concentration of methionine results in 
an Imbalanced mixture. The imbalance may be removed by the 
isonitrogenous replacement of cystine by methionine, A 
ratio of 1.2 between phenylalanine and methionine is favor­
able. 
Glutamic acid can replace a mixture made up of several 
non-essential amino acids only if the essential amino acid 
mixtiire is balanced in respect to its methionine and phenyl-
alinino content, 
Nitrogen equilibrium is achieved at a reduced level of 
total nitrogen intake when modifications are made in the 
amounts of methionine, phenylalanine, and threonine furnished 
by an amino acid mixture modeled after the composition of 
la ct albumin. 
The essential amino acids, only, #ien fed as the sole 
source of nitrogen in a diet of low total nitrogen value 
(i.e., equivalent to that of a 4 per cent protein diet) are 
capable of supporting nitrogen equilibrium and a normal con­
centration of hepatic fat providing the amino acids are 
present in balanced proportions. 
In contrast to observations made by other Investigations, 
the D-form of threonine may be utilized as effectively as its 
natural Isomer for the support of nitrogen retention and 
normal hepatic tissue in the adult rat. The requirements of 
threonine for the attainment of nitrogen equilibrium in the 
adult male rat appear to be twice as great as heretofore 
siaggested, 
Hetantion of nitrogen in adult rats is related to the 
caloric value of the diet. It appears that a mixture of 
amino acids serving as the sole so urce of dietary nitrogen 
can support nitrogen equilibrium in the adult rat v?hen the 
energy value of the daily diet c35>proxiiaates the animal's 
caloric requirement providing laethionine and phenylalanine 
are present in balanced amounts. However, further study 
of influence of proportionality between amino acids is needed 
for losses in carcass fat indicated that food energy ap­
proximating the rat's daily requirement, i.e., 50 calories 
represents a critical level of caloric intake for the 
establishment of nitrogen equilibrium. With reduction in 
the caloric value of the smino acid ration belo?f the daily 
energy requirement of the rat, nitrogen equilibrium does not 
occur. 
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Table I Recovery of nitrogen from a standard solution of 
ammoni"um sulfate distributed at intervals over 
metabolism cages. 
Cage Quantity of Quantity of Per cent of 
Ho. nitrogen nitrogen nitrogen 
theoretically recovered recovered 
present 
mg. mg. 
1 500 495 99.1 
494 99.0 
497 99.4 
496 99.2 
2 500 496 99.2 
495 99.1 
494 99.0 
493 98.9 
3 500 494 99.3 
497 99.4 
497 99.4 
495 99.1 
170 
Table II Recovery of lipid from a preparation of hepatic 
lipid of pig^ . 
Detenni nation Q:uanti"ty of Qiiantity Per cent of 
Ho. lipid lipid lipid 
theoretically (alcohol- (alcohol-
present ether eth®p 
extract) extract) 
recovered recovered 
mg« lag. 
1 414 407 98.5 
2 257 235 99,4 
5 475 468 99.0 
4 407 605 99.4 
5 521 515 98,9 
6 416 412 99,1 
7 457 434 99.2 
8 518 516 99,7 
9 457 435 99,5 
10 527 522 99,1 
®'An ethylene di chloride extracted lipid from pork liver. 
Armour and Co# 
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Table III Bod^  freights and nitrogen metabolism of rats fed diets containing nitrogen 
S3ri< 
T 
Boc^  veight 
Diet Source of Supplenient Nitrogen Rat Average Change Change 
No. dietary to vitamin force-fed number during from during 
nitrogen B«coii?^ lex per day meta» beginning meta­
bolism to end of bolism 
period period on period 
diet 
BJg. gm. gm. gm« 
1 Lact- Rice bran 7k 50131 353 8 1 
albumin polish 50139 361 h 0 
(100 mgt/ 501ij6 350 1 -3 
day) 50158 379 10 2 
5t)l8U 356 k k 
50199 315 8 2 
Average 357 6 1 
2 BM-I Rice bran 7h 50292 368 7 2 
plus polish 50327 327 2 
NEAA-I (100 iag«/ 50333 353 -lli -6 
day) 5031<1 352 1 0 
50377 3i43 7 3 
50392 37li 2 2 
Average 353 0 0 
3 EAA-I Folic acid 7h 55021 369 -1 3 
plus (8 mcg./di^ r) 55077 333 2 3 
NBM-I 55258 333 8 3 
55081; 373 -1 3 
55037 318 12 8 
55651 357 1 1 
Average 31^ 7 ll k 

fed diets coutaining nitrogen provided amino acid norfciire simulating a it«27?6 lactalbumin diet. 
Series I 
r 
rage Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
tng from during fed nitrogen nitrogen nitrogen balance balance/ 
I- beginning meta- excreted 300 gm. 
Lsin to end of bolism rat 
.od period on period 
diet 
a. gm. gnu mg. ing« mg. mg. mg, ng. 
»'3 8 1 536 200 353 553 -17 -Ih 
Si li 0 536 223 331 551i -18 -15 
50 1 -3 536 233 3B 576 -iiO -31; 
f9 10 2 536 236 300 536 0 0 
>6 ii li 536 21)2 358 600 -61i -51; 
b5 8 2 536 259 335 591; -58 -50 
?7 6 1 536 232 337 569 -33 -28 
S8 7 2 5ia 207 361; 571 -30 -21; 
27 -2 2 5ia 192 360 552 -11 - 9 
>3 -11; -6 5la 205 389 591; -53 -16 
?2 1 0 51il 205 366 571 -30 -25 
!;3 7 3 5la 219 369 561; -23 -20 
71; 2 2 5la 195 381 600 -59 -1;7 
?3 0 0 51a 201; 371 575 -31; -28 
S9 -1 3 576 191; Ijl^ D 631; -58 -ii7 
33 2 3 576 190 hh3 633 -57 -51 
33 8 3 576 172 1439 611 -35 -32 
73 -1 3 576 181 k$9 61a -61; -52 
18 12 8 576 199 381 580 - 1; - h 
$7 1 1 576 177 i<D2 579 - 3 - 3 
1;7 1; 1; 576 186 1;27 613 -37 -32 

Table III Contiimed 
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Boc^  veight 
Diet Source of Suppleiosnt Nitrogen Eat Average Change Change 
Ho. dietary to vitamin foarce-fed nuisber during frraa during 
nitrogen B-conqslex per day meta- beginning meta* 
bolism to end of bolism 
period period on period 
diet 
iQg. gm. gm, gm, 
U EM-I Folic acid 7h 55076 317 2 -1 
plus (8 nicg./day) 55023 329 0 0 
Km-I plus 55256 321 -7 -2 
vitamin Bj, 55031 378 -6 -3 
(0,75 mcgt/dsQr) Average 336 -3 -2 
5 Mixed 602 h3l59 338 0 0 
natural l^ lii^ 7 361* 1 1 
food^  1i3165 315 3 3 
h3l55 308 10 10 
h31$9 297 1 1 
1^ 3175 3l<0 1 1 
113151 309 3 3 
113152 338 2 2 
10167 3l»8 0 0 
Average 329 2 2 
O^ffered ad libitum 

Bo<^ y veight Nitrogen nstabolism per 7 days 
Change Change Nitrogen Fecal Urinarj Total Hitrogen Nitrogen 
frm during fed nitrogen nitrogen nitrt^ en balance balance/ 
beginrdng metao excreted 300 ga. 
to end of holism rat 
period on period 
diet 
gm. gffi. 22g, rag. rag. Dig. rag. fflg. 
2 -1 576 186 376 562 •llj. •13 
0 0 576 181 it32 613 -37 -31; 
-7 -2 576 183 laJi 597 -21 -20 
-6 
-3 576 21ii k37 651 -75 -59 
-3 -2 576 191 105 606 -30 -25 
0 0 3875 5lh 3i61i 3738 *137 •122 
1 1 li207 618 33I16 3961i •2li3 •200 
3 3 3771 50); 3252 3756 • 15 Ik 
10 10 1)002 523 309li 3617 •385 •375 
1 1 I4233 590 2950 351iO •693 •699 
1 1 ii36l 368 3261i 3632 +729 *61i2 
3 3 i«ii38 686 31*95 a8i •257 •250 
2 2 li28i; 658 2970 3628 *656 •582 
0 0 U7iilt 7a 3290 IjOll •733 •633 
2 2 li213 582 3203 3785 4.1i28 •391 
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Table IV Liver weights and concentrations of moisture, fat and nitrogen in the ]J.vQr 
lactalbumin {7h mg.N/day) or from an amino acid mixture simlating a 
Serie 
Diet Source of 
No* dietazy 
nitrogen 
Supplenient 
to vitaroin 
Bocomplex 
Rat 
muaber 
Average 
bocfy 
-weight 
in nitro­
gen Bffita-
bolism 
period 
Per cent 
noist^ ire 
in liver 
Weight of liver 
Fresh Dry Dry 
fat-f 
gra. gnu gnu gm. 
Lact- Rice bran 50131 3S3 68.2 8.85 2.81 2.20 
albujoin polish 50139 361 67.U 8.83 2.88 2.17 
(100 ng./ 501ii6 350 68.6 8.69 2.73 2.19 
day) 50158 379 67.3 8.95 2.92 2.10 
5018U 356 70.3 9.22 2.7ii 2.10 
50199 3145 67.1 8.1^ 7 2.78 2.06 
Average 357 68.2 8.81t 2.81 2.1ii 
EAA-I Rice bran 
plus poli^  
HEM-I (100 Hg./ 
day) 
50292 368 67.lt 9.2li 3.02 2.1ii 
50327 327 66.7 8.36 2.79 1.86 
50333 353 68.1 8,28 2.61i 1.97 
5031a 352 67.6 8.51t 2.77 2 .Oil 
50377 3J;3 68.0 2,6k 1.95 
50392 37U 68.2 9.33 2.96 2.23 
Average 353- 67.7 8.67 2.80 2.03 
SM-I 
plus 
HEAA-I 
Folic acid 55021 369 66.5 9.38 3.114 2.17 
(8 fflcg./ 55077 333 66.2 8.149 2.87 2.07 
day) 55258 333 60.5 8.90 3.51 1.80 
55081; 373 63.5 9.62 3.51 2.00 
55037 318 69.1 7.61 2.35 1.81 
55051 357 59.5 9.85 3.95 1.97 
Average 317 6ii.3 8.97 3.22 1.97 

•trogen in the livers of rats fed diets containing nitrogen provided by 
siraalating a li«27^ lactalbuBiin diet. (Jk mg.N/day) 
Series I 
weight of liver Hepatic nitrogen (alcohS^Sto ^ rect) 
Fresh Dry Dry Total per cent in tissue Total Per cent in tisane 
fat-free on basis of on basis of 
Fresh Dry Dry Fresh Dry 
weight weight fat-free weight weight 
gnu gm. gm. mg. 
8.8$ 2.81 2.20 263 3.0 9.3 12.0 615 7.0 21.9 
8.83 2.88 2.17 263 3.0 9.1 12.1 706 8.0 2li.5 
8.69 2.73 2.19 272 3.1 9.1 12.li 5k3 6.2 19.9 
8.95 2.92 2.10 263 2.9 9.0 12.5 821 9.2 28.1 
9.22 2.7li 2.10 27S 3.0 10.1 13.1 639 6.3 23.1i 
8.ii7 2.78 2.06 262 3.1 9.1t 12.7 72h 8.5 26.0 
8,81t 2.81 2.1it 266 3.0 9.5 12.5 675 7.5 21^ .0 
9.2k 3.02 2.1ii 28U 3.1 9.h 13.2 871 9.1i 28.9 
8.36 2.79 1.86 230 2,8 6.3 12.li 931 11.1 33.1i 
8,28 2.6U 1.97 257 3.1 9.1 13.0 667 8.0 25.3 
8.51i 2.77 2.0U 263 3.1 9.5 12.9 728 8.5 26.3 
e.2ii 2,6h 1.95 - 2lt8 3.0 9.it 12.7 684 8.3 25.9 
9.33 2.96 2.23 287 3.1 9.7 12.9 nk 7.9 2it.8 
8.67 2.80 2.03 261 3.0 9.3 12.8 769 8.9 27.lt 
9.38 3.11t 2,17 275 2.9 8.8 12.7 975 10.lt 31.0 
8.1i9 2.87 2.07 276 3.3 9.6 13.3 798 9.h 27.8 
8.90 3.51 1.80 23U 2.6 6.7 13.0 1708 19.2 ii8.6 
9.62 3.51 2.00 272 2.8 7.7 13.6 1521 15.8 1j3.3 
7.61 2.35 1.81 225 3.0 9.6 12.1; 5i»o 7.1 23.0 
9.85 3.95 1.97 253 2.6 6.U 12.8 1980 20.1 50.1 
8.97 3.22 1.97 256 2.9 8.1 13.0 12Sh 13.7 37.3 
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Table IV Continued 
Diet 
No. 
Source of 
dietary 
nitrogen 
Supplesmb 
to vitamn 
B^ on^ lex 
Sat 
nun^ er 
Average 
body 
ireight 
in nitro­
gen lasta-
bolisc 
period 
Per cent 
moisture 
in liver 
Iffeight of livei 
Fresh Dry Dry 
fat-
it E&A-I Folic acid $$076 
plus (8 meg./ 55023 
JEAA-I day) plus $$2$6 
vitaa^  5^ 31 
(0.7S meg./ Average 
daj) 
gnu gm. gnu gn 
317 66.1 8.38 2.8ii l.S 
329 68.0 7.2]i 2.32 1.1 
321 66.9 8.3U 2.76 1.S 
378 61i.l 10.13 3.6h 2.6 
336 66.3 8.52 2.89 2.C 

Weight of liver Hepatic nitrogen Hepatic fat (alcohol-ether extract) 
Fresh Diy Dry Total Per cent in tissue Total Per cent in tissue 
fatofree on basis of on basis of 
Fresh Dry Dry Fresh Diy 
weight w3ight fat-free weight weight 
gin# gja* gm. lag. 
8.38 2.81t 1.95 233 2.8 3.2 11.9 88ii 10.6 31.2 
7.2U 2.32 1.7U 255 3.5 11.0 IU.6 570 7.9 214.8 
8.3li 2,76 1.90 230 2.8 3.3 12.1 866 lO.U 31.il 
10.13 3.61i 2*6k 288 2.8 7.9 10.9 1005 9.9 27.6 
8o52 2.89 2.06 252 3,0 3.8 12.U 831 9.7 28.8 
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Table Y Body vei^ts and iiitrogen metabolism of rats fed diets containing nitrogen 
Seri 
Stu 
Sxperiroe 
Diet Distrlbutioa of nitrogen in daily dose Rat Body vei^ t 
NOe of amino acid mxture fed number 
Average Change Ch 
Essential zd.- Non-«ssential nitrogen during from dXL 
trogen pro­ provided Iqr KEM-I loeta- beginning m 
vided by EAA-I bolism to end of bo 
period period on pe 
Total Qy^ stine N diet 
Big* rag. mg. gsi* gm« 
6 3li 10 0,h7 50162 355 -12 
50191 373 - 6 
50265 338 - h 
50325 333 'Ih 
503it2 335 -22 
50358 331 -15 -
Average 3hk -13 ' 
6A 3U 20 0,9h 50190 358 h 
50263 3ia 1 
50289 323 - 1 
50329 359 - 5 
50310; 351 - 1 
• 503^  366 0 
Average 350 0 
6B 3U 30 l.Itf) 50292 368 7 
50327 327 - 2 
50333 353 —lii 
5o3ia 352 1 
303':^ 7 3li3 7 
5.-3S?? 37U 2 
Avfsrage 353 0 

diets containing nitrogen provided biy EAA«I supplemented with graded doses of nitrogen from NEAA-I 
Series II 
StudtiT A 
Experiioent One 
Body weight Nitrogen loetabolism 
Average Change Change 
during from during 
loeta- beginning meta­
bolism to end of bolism 
period period on period 
diet 
nitrogen Fecal Urinary Total Nitrogen Nitroger 
fed nitrogen nitrogen nitrogen balance balance/ 
excreted 300 gnu 
rat 
gm. ga« gm. rog. nig. Kg. QSg* mg. ng. 
35$ -12 -6 h06 19ii Ii21 615 -207 -175 
373 - 6 -2 m 2lU 1)02 6l6 -208 -167 
338 
- k -7 U>3 218 232 550 -11)2 -126 
333 -Hi -12 h06 211 1)08 619 -211 -190 
335 -22 -10 m 206 31)8 55i^ -11)6 -131 
331 -15 - 9 m 233 382 615 -207 -188 
3kk -13 - 8 1)08 213 382 595 -187 -163 
358 h h 1)76 202 361 563 - 87 - 73 
3ia 1 10 1)76 218 369 587 -111 ' - 98 
323 - 1 2 1)76 207 1)17 621) -11)8 -137 
359 - 5 -8 1)76 207 31)7 55U - 78 • — 65 
351 - 1 -8 1)76 210 358 568 - 92 - 79 
366 0 -6 i)76 226 381 607 -131 -107 
350 0 -1 1)76 212 372 581) -108 -93 
368 7 2 5ia 207 361) 571 - 30 - 21) 
327 - 2 2 5ia 192 360 552 - 11 - 9 
353 —iJ) -6 5ia 205 389 591) - 53 - 1)5 
352 1 0 5ia 205 366 571 - 30 - 25 
3li3 7 3 5ia 195 369 561) - 23 - 20 
371) 2 2 5iil 219 381 600 - 59 - 1)7 
353 0 0 5ia 201) 371 575 - 3U - 28 
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Table V Continoed 
Diet Distribution of nitrogen in daily dose Bat Body -jreiglit 
No. of amino acid siixture fed nuniber 
Average Cbaaage Chang 
Essential ni- Non-essential nitrogen daring from durin 
tarogen pro- provided HE&A-I loeta- beginning meta-
vided EAA-I bolisai to end of bolis 
period period on perio 
Total Cystine JI diet 
Og* B]g« IBg, gm. gin. gnu 
i; 3li UO 1.87 50176 363 6 2 
50295 3h3 8 1 
50318 352 - h 2 
5b33it 35ii 10 1 
50357 31i8 h 0 
50371; 3i<0 6 - ii 
50U22 358 
- h 2 
50ii36 352 lit h 
5olM 385 
- k - it 
50U63 376 - 3 - 2 
50it6ii 356 - 1 - 2 
Average 357 3 0 
6C 3li 50 2.3k 501*62 39h -lii 0 
50li85 355 0 6 
50537. lao 
- k 6 
5o609 366 3 5 
50620 352 lit 10 
Average 375 0 5 
6D 3U 60 2,61 50536 357 5 7 
505U9 379 - 1 2 
50553 ii08 -ii. it 
5o6o6 353 8 8 
50621 389 -10 6 
Average 377 - 1 5 

Bo(fy -wsigiit Nitrogen mstabolism 
rage Change Change Nitrogen Fecal Urinary Total Kitrogen Nitrogen 
ing from during fed 3aitrogen nitrogen nitrogen balance balance/ 
a- beginning meta­ excreted 
ism to end of bolism 
iod period on peilod 
diet 
gin. glUa log* mg. mg. mg. mg. rag. 
63 6 2 615 20k 369 573 hZ 35 
U3 8 1 615 191 383 51k kL 36 
l$2 
- k 2 615 212 1<07 619 - k - 3 
5h 10 1 615 201 393 59k 21 18 
iii8 k 0 615 211 392 603 12 10 
iliO 6 
- h 615 195 365 560 55 k9 
158 
-U 2 621 206 li35 6iil - 20 - 17 
152 lU U 621 199 387 519 hZ 37 
i8$ 
- h - li 621 216 1;27 6ij3 - 22 - 17 
176 
- 3 - 2 621 223 1;82 705 - Qk - 67 
156 - 1 - 2 621 211 lllO 621 0 0 
157 3 0 618 206 ilOU 610 8 7 
S9i4 -Ih 0 697 211 ItlO 6a 76 59 
155 0 6 697 168 373 51a 156 132 
ao 
- k 6 ,697 198 652 k$ 33 
166 3 5 697 215 392 607 90 73 
152 Ik 10 697 180 382 • 502 135 115 
175 0 5 " 697 19li i402 591 100 82 
157 5 7 762 19k 396 590 172 Hill 
579 - 1 2 762 197 li80 677 85 66 
t08 
-I k 762 22k 521 715 17 12 
J53 8 8 762 200 k31 637 125 107 
>89 -10 6 762 222 501 723 39 30 
J77 - 1 5 762 207 li67 67lt 88 72 
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Table VI Liver -Heights and concentrations of moiatxire^ fat and nitrogen in the livers 
-idtb graded doses of nitrogen* 
Series 
Study 
Ezperinei 
Diet Distribution of nitrogen in daily dose Sat 
No. of amino acid mixture fed nximber 
Essential ni­
trogen pro-
•vided l3y EAA-I 
Son<-essential nitrogen 
pjrovided tsy NEAA-I 
Average 
bo(fy 
weight 
in nitro­
gen !aeta-
bolism 
period 
Per cent 
moisH^ure 
in liver 
Fresl 
Total CystiM H 
g* mg* gra^  ga. 
3U 10 0.it7 50162 355 69.7 8.6: 
50191 373 69.7 9.1< 
50265 338 69.0 8J;1 
50325 333 63.9 8.5i 
503li2 335 68.5 7.3f 
50358 331 68.5 7.S( 
Average 310^  69.0 8.31 
6k 3U 
6B 3U 
20 0.9U 
30 l.ltO 
50190 358 
50263 3ia 
50289 323 
50329 359 
503itU 351 
50366 366 
Average 350 
50292 368 
50327 327 
50333 353 
503hl 352 
50377 3li3 
50392 37 ii 
Average 353 
68.8 8.8! 
69.5 8.2" 
68.2 8,0< 
68.1 8.5: 
67.6 8.11 
68.8 9.2: 
68.5 8.5J 
67.ii 9.2] 
66.7 8.3< 
68.1 8.21 
67.6 8.5i 
68.0 8.2] 
68.2 9.3; 
67.7 8.6' 

the livers of rats fed diets containing nitrogen provided \sj E&A-I supplemented 
Series U 
Study A 
Ezperixaest One 
cent Hepatic fat 
ture T/feigfat of liver Hepatic nitrogen (alcohol-ether extract) 
iver 
Fresh Dry Dxy Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of 
Fresh Dry Dry Fresh Dry 
might weight fat-free vei^t veight 
g3W §3® gm« JBg, mg. 
.7 8,63 2.61 1.91 2lfh 2.8 9.3 12.8 702 8.1 26.8 
.7 9,16 2.78 2.16 270 3.0 9.7 12.5 628 6.8 22.6 
,0 8Ji2 2.62 1.97 2lt6 2.9 9»h 12.5 61,3 7.6 2lt.6 
8.58 2,67 2.01 235 2.7 8.8 11.7 656 7.6 2i;.6 
.5 7.35 2.32 1.69 235 3.2 10.1 13.9 632 8.6 27.2 
6 7.38 2.U8 1.32 2hd 3.2 10.0 13.6 666 8.ii 26.8 
,0 3.3ii 2.58 1.93 2h6 3.0 9.6 12.8 651* 7.9 25.ii 
,8 8.85 2.79 2.17 278 3.1 10.0 12.8 592 6.7 a.it 
.5 8.27 2.51 1.96 252 3.0 10.0 12.9 552 6.7 22.0 
,2 8.06 2.57 1.92 2li9 3.1 9.7 12.9 6Ult 8.0 25.1 
.1 8.53 2.B 1.97 2h7 • 2,9 9.1 12.5 751* 8.8 27.7 
.6 8.18 2.65 2.00 27h 3.ii lO.li 13.7 6U8 7.9 2lt.5 
.8 9.21 2.88 2.20 279 3.0 9.7 12.7 678 7.4 23.6 
•5 8.52 2.68 2.0U 263 3.1 9.8 12.9 615 7.6 2l;.0 
,k 9.2li 3.02 2.1U 281; 3.1 9.ii 13.2 871 9.1i 28.9 
.7 8.36 2.79 1.86 230 2.8 8.3 12.U 931 11.1 33.U 
a 8.28 2.6U 1.97 257 3.1 9.7 13.0 667 8.0 25.3 
.6 3.51i 2.77 2,0ii 263 3.1 9.5 12.9 728 8.5 26.3 
>0 8.2U 2.6ij 1.95 21+8 3.0 9.1; 12.7 68i^  8.3 25.9 
.2 9.33 2.96 2.23 287 3.1 9.1 12.9 73li 7.9 2it.8 
.7 8.67 2.80 2.03 261 3.0 9.3 12.8 769 8.9 27.li 
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Table VI Contijiued 
Diet Distribution of nitirogen in daily dose Bat Average i'er cent 
No. of amino acid ndjcture fed number body moisture 
weight in liver 
in nitro­
Essential ni- Non-essential nitrogen gen meta­ Fre 
trogen pro- provided ty NEAA-I bolism 
vidad by EM-I . period 
Total (^stine H 
Big* gm. gm 
U 3li I40 1.87 50176 363 67.6 9. 
50295 3li3 66,0 8. 
5033li 351 67.7 9., 
50357 3H8 67.8 9. 
5037h 3liO 66.6 8.. 
50li22 358 67.5 6.: 
501^ 36 352 67.9 8. 
SoUlUi 385 71.0 10.: 
50ij63 376 67.6 9.: 
356 67.5 5. 
Average 358 67.7 9.; 
6c 3U 50 2.3U 50ii62 39U 67.9 9.; 
5oli85 355 6U.li 8., 
50537 lao 66.8 9.( 
5060^  366 67.2 8.J 
50620 352 68.8 8.i 
Average 375 67.0 8. 
6D 3it 60 2.81 50536 357 65.3 8., 
5051  ^ 379 65.3 9.: 
50553 U08 66.0 9. 
50606 353 66.2 8.; 
50621 389 66.6 9.: 
Average 377 65.9 9.( 

r cexit 
dfftTire 
liver 
Weight of liver Hepatic nitrogen 
Hepatic fat 
(alcoliol»ether extract) 
Fresh Dry Dzy Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sae on tosis of 
Fresh Dry Dry Fresh Dry 
•weight weight fat-free •weight -Height 
gm. gm. gm. log. IBg. 
7.6 9.29 3.01 ?.05 263 2.8 8.7 12.8 957 10.3 31.8 
»6,0 8,92 3,03 2.01 257 2.9 8.5 12.8 1023 U.5 33.7 
'7.7 9.35 3.02 2.18 276 3.0 9.2 12.6 833 8.9 27.6 
>7.8 9.15 3.Gii 2.11 285 3.0 9.h 13.5 926 9.8 30.5 
>6.6 8.83 2.95 2.05 263 3.0 8.9 12.8 896 10.2 30.lt 
•7.5 8.96 2.91 2.a 282 3.1 9.7 12.8 70U 7.9 2lt.2 
>7.9 6.92 2.86 2.08 266 3.0 9.3 12.8 781t 8.8 27.U 
a.o 10.19 2.96 2.2lt 286 2.8 9.7 12.9 nh 7.0 2li.2 
17.6 9.25 3.00 2.10 281 3.0 9.k 13.U 906 9.8 30.2 
i7.5 5.71 2.83 2.08 275 3.2 9.7 13.2 7it8 8.6 26.U 
>7.7 9.19 2.96 2.U 21h 3.0 9.2 13.0 81i9 9.3 28.6 
>7.9 9.36 3.00 2.25 277 3.0 9.2 12.3 756 8.1 25.2 
'>k*k 8.55 3.05 1.9li 2ia 2.8 7.9 12,k mo 13.0 36.lt 
9.63 3.20 2.3h 293 3.0 9.2 12.5 861 3.9 26.9 
>7.2 8.50 2.79 2.07 257 3.0 9.2 12,]i 716 8.1^  25.7 
>8.8 8.61 2.69 2.00 2E 2.8 9.0 12.1 693 8.0 25.7 
>7.0 8.93 2.95 2.12 262 2,9 8.9 . 12.U 827 9.3 28.0 
>5.3 8.99 3.11 2.02 2h8 2.8 8.0 li.9 1093 12.2 35.1 
>5.3 9.29 3.22 2.12 259 2.8 8.0 12.2 1105 11.9 3»t.3 
>6.0 9.72 3.30 2.2U 277 2.8 8.1i 12.U 1068 11.0 32.3 
.^2 8.1ii 2.75 1.85 2lj6 3.0 8.9 13.3 901 11.1 32.7 
>6.6 9.10 3. Oil 2.11 271 3.0 8.9 12.8 927 10.2 30.5 
)5,9 9.05 3.09 2.07 260 2.9 8.ii 12.5 1019 11.2 33.0 
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Table 711 Body weights aad nitrogen Hetabolism of rats fed diets contaimng nitrogen 
has been omitted* 
Series 
Stud; 
£iq>eriiQei; 
K,et Distribution of nitrogen in daily dose Rat 
No. of amino acid idjcture fed miiober 
Essential ni­
trogen pro­
vided l5y EAA-I 
Non-essential nitrogen 
provided by HEAA-I 
Total f^odification 
Body veight 
Average 
during 
meta­
bolism 
period 
Change 
from 
beginning 
to end of 
period on 
diet 
8 
mg* mg* gnu gnu 
3k liO No qystine 50S33 358 -2 
nitrogen • 50551i 356 -18 
5o6l3 3l4it -1 
50653 37U -2 
50675 330 -2 
Average 352 -5 
3lt liO No tyrosine 50$hh 385 2 
nitrogen 50622 333 20 
5067U 357 8 
50713 350 1 
Average 357 8 

diets containing nitrogen provided ty EAA-I plus NSAA-I from which either cystine or tyrosine 
Series II 
Study A 
Ezperizoezrt Two 
Body weight Nitrogen metabolism 
Average Change Change 
during from during 
tneta- beginning steta-
bolism to end of holism 
period period on period 
diet 
Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
fed nitrogen nitrogen nitrogen balance balance/ 
excreted 300 gnu 
rat 
gBU gnu gni« mg. mg. mg. Kg. ing. IQg. 
358 -2 6 62h 202 589 791 -167 -13it 
3$6 -18 0 62k 202 6ijO 81^ 2 -213 -182 
314 -1 0 62k 175 621 796 -172 -150 
37U -2 -U 62k 199 591 790 -166 -133 
330 -2 62k 210 612 822 -198 -180 
352 -5 0 62k 197 511 808 -18U -156 
385 2 5 622 188 lili8 636 - lU - 11 
333 20 10 622 188 380 568 $k kd 
357 6 2 622 191 I4S8 6I49 - 27 - 23 
350 1 1 622 212 ii57 669 - k7 - I4O 
357 8 k 622 195 1j36 630 - 8 - 6 
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Table VIII Liver -weights and concentrations of moisture, fat and nitrogen in the live 
from which either cystine or tyrosine has been omitted. 
Series 
Studj 
Sxpsrirae 
Diet 
No. 
Distribution of nitrogen in daily dose 
of amino acid mixture fed 
Eat 
nainber 
Average 
bod^ 
weight 
Per cent 
moisture 
in liver 
Essentia ni- Non-essential nitrogen 
trogen pro- provided by NEM-I 
Tided by EM-I 
in nitro­
gen me-ba-
bolism 
period 
Fres 
To-tal Modification 
mg. ng. gra. gm. 
3ii U) Ho cystine 50533 358 69.2 7.9 
nit3p£^en 5Q551i 356 68.8 8.2 
50613 3iai 70.1 8.0 
50653 37it 69.3 *7  ^/•U 
50675 330 69.7 6.9 
Average 352 69.1* 7.8: 
3U iiD No tyrosine 50514 385 67.U 8.6 
nitrogen 50622 333 66.2 8.2 
5067U 357 66.9 8.lj) 
50713 35b 67.2 7.8: 
Average 357 66.r 8.3i 

igen in the livers of rats fed diets containing nitrogen provided by EM-I plus HEM-I 
Series II 
Study A 
Sxperiiaent Two 
Per cent Hepatic, fat 
moisture Weight of liver Hepatic nitrogen (alcohol-ether extract) 
in liver 
Fresh Dry Dry Total Par cent in tissue Total Per cent in tis­
fat-free on basis of sue on basis of 
Fresh Dry Dry Fresh Dry 
weight weight fat-free weight weight 
gni* gnu gnu IQg. lag* 
69.2 7.95 a.iOt 1.82 20U 2.6 8.3 11.2 62U 7.8 25.5 
68.8 8.26 2,58 1.91 239 2.9 9.3 12.5 670 8.1 26.0 
70.1 8.06 2.ia 1.92 2li3 3.0 10.1 12.7 ii97 6.2 20.6 
69.3 7.81 2.U0 1.83 238 3.0 9.9 13.0 569 7.3 23.7 
69.7 6.96 2.11 1.67 216 3.1 10.2 12.9 UiiO 6.3 20.9 
69.k 7.81 2.39 1.83 228 2.9 9.6 12.5 560 7.2 23.3 
67,U 8.68 2.83 2.05 267 3.1 9.k 13.0 772 8.9 27.3 
66.2 8.27 2.79 1.81 227 2.7 8.1 12.5 981 11.8 35.1 
66,9 8.1)0 2.78 1.9U 257 3.1 9.2 13.2 81J3 10.0 30.3 
67.2 7.83 2.57 1.78 251 3.2 9.8 U.1 781i 10.0 30.6 
66.9^  8.30 2.7U 1.90 250 3.0 9.1 13.2 8ij5 10.2 30.8 
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Table H Bo^y weights and nitrogen mstabolisa of rats fed diets containing nitrogen p 
isonitrogenoiisly by laethionine and phex^rlalanine, respectively. 
Series 
Studs 
Expsriiaant 
Diet Distribution of nitrogen in daily doee 
No* of amino acid mixtiire fed 
Essential ni- Kon-essential nitrogen 
trogea pro- provided by HEAA-I 
vided by 
EAA-I Other T otal Modification 
sources 
Eat 
noinber 
Body weight 
Average 
during 
iseta-
bolism 
period 
Change 
froE 
beginning 
to end of 
period on 
diet 
IBg* mg. aig. gn« gm. 
3k 2 IBg, 38 No cystine SOlal; 368 h 
metbio- 50i;21 357 6 
nine 50li33 3S0 
K 50151 380 10 
U^6U 380 -1 
5ol;68 3h9 8 
Average 369 h 
3k 2 ag. 38 No tyrosine 5oia6 36? -2 
phergrl- 50i|23 3?5 5 
alanine 5073h 365 2 
H 501012 352 2 
561a50 381t - 2 
50ii70 381 7 
Average 371 2 
2 ntg. 36 No cystine 50iiJi8 ia3 -12 
nethioxdne No tyrosine 50ii76 371 5 
N 5o5o2 371 2 
2 mg* 50535 390 2 
pheisyl* 50588 3li9 11 
alanine Average 379 2 

diets containing nitrogen provided by EM-I plus SEM-I, cystine and tyrosine being replaced 
respectiTBly, 
Series II 
Stui^ A 
Expsrinsent Tbree 
Body weight Nitrogen rostabolism 
Average Change Change Kitrogen Fecal Urinaiy Total Nitrogen Kitrcgen 
diiring from dxiring fed nitrogen nitrogen nitrogen balance balance/ 
n«ta- beginning laeta- excreted 300 ga« 
bolism to end of bclism rat 
period period on period 
diet 
gm. gnu log* nig. Big. rago lag* csg. 
368 h Z 6O5 206 377 583 22 18 
357 1 6 3 6G5 209 380 589 16 Ih 
380 • -5 -2 605 210 h39 6II9 'hh -3U 
380 10 2 6O5 19h hOB 599 6 5 
380 -1 1 60$ 201 h02 603 2 2 
3h9 8 0 605 216 362 578 27 23 
369 h 0 605 205 39h 599 5 1 
367 -2 0 619 216 U29 6ii5 -26 -a 
375 5 2 619 219 1;29 6k5 -29 -22 
36$ 2 -1 619 202 m 606 13 11 
352 2 2 619 228 hoi 629 -10 - 9 
38k - 2 -2 619 205 hh3 61i8 -29 -23 
381 7 1 619 227 ii25 652 -39 -26 
371 2 0 619 216 Ij22 638 -19 -15 
IA3 -12 0 622 198 h37 635 -13 —10 
371 5 h 622 203 355 558 6H 52 
371 2 6 622 166 319 II85 137 111 
390 2 5 622 195 381 576 II6 35 
3h9 U 7 622 175 328 505 117 101 
379 2 5 622 188 361I 552 70 58 
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Table X liver wei^ ts and concentrations of moisture, fat and nitrogen in the liyers < 
and tyrosine being replaced isonitrogenously methitmine and phenylalanine. 
Series 
Study 
Experlraeni 
Diet Distributioa of nitrogen ir. daily doss Rat 
IIo« of amino acid mizture fed nuniber 
Sssential ni­
trogen pro­
vided 17/ 
Kon-essential nitrogen 
provided by EEAA-I 
Average 
bo«3y 
Wight 
in nitro­
gen mata-
bolisn 
period 
Per cQht 
coisture 
in liver 
Fresj 
EAA.-I Other Total Modification 
sources 
og* ng. og* SBlm gm. 
9 3h 2 rag. 38 Ho ^ stins 5oiaii 368 68.6 9.IJ! 
methior $QhZL 357 65.5 9.9; 
dne 50k33 380 67.9 9.6J 
S 50ii51 380 67.9 9.5i 
50ii61i 380 68.7 9.8! 
50U68 3k9 68.li 8.9! 
Average 369 68.5 9.5' 
10 3l» 2 Big. 38 No tyrosine 50lji6 367 67.9 9«6j 
phoi^ l- 50lt23 375 66.9 10.1: 
alanine 50731* 365 67--6 8.8( 
N SOlM 352 67.9 9.7' 
• 50h50 381^  66.8 10.5' 
Sohio 381 69.It 11.6( 
Average 371 67.8 10.01 
11 3h 2 isg* 36 No cystine 501jU8 ia3 68.7 9.8! 
laethionine Ho tyrosine 50kl6 371 68.8 9.3! 
N 50502 371 68.6 9.2< 
2 wg. 50535 390 70.9 9.9] 
piieaayl- 50588 yk9 68.7 8.0i 
alsnine Average 379 69.1 9.2: 

in the livers of rats fad diets containing nitrogen provided ly EAA-I plus NEAA-I, cystine 
phenylalanine, respectively* 
Series II 
Study A 
Experiment Three 
sr cant Hepatic fat 
loisttare Wfeight of liver Hepatic nitrogen (alcohaL-ether extract) 
n liver 
Fresh Itey Dry Total Per cent : in tissue Total Per cent in tis­
f£t-fr«e on basis of sue on basis of 
Fresh Dry Diy Fresh Diy 
veight weight fat-free weight weight 
gm. gm. gm. ng. ag. 
68,6 9,16 2.97 2.22 300 3.2 10.1 13.5 752 8.0 25.3 
69.5 9,91 3.02 2.22 30li 3.1 10,1 13.7 80I; 8.1 26.6 
67,9 9.62 3.09 2.36 316 3.3 10.2 13 .U 727 7.6 23.6 
67.9 9.5U- 3.06 2.28 29U 3.1 9,6 12.9 785 8,2 25.6 
68.7 9.89 3.10 2.30 309 3.1 10.0 13.5 801 8.1 25.8 
68.U 8.99 2.8U 2.06 288 3.2 10,1 13.9 776 8.6 27.3 
68.5 9.57 3.01 2.2U 302 3.2 10,0 13.5 nk 8.1 25.7 
67.9 9.65 3.10 2.17 263 2.7 8,5 12.1 933 9.7 30.1 
66.9 10.12 3.35 2.3U 315 3.1 9.it 13.5 1009 10.0 30.1 
67^ .6 8.8o 2,85 2.05 288 3.3 10.1 lIuO 798 9,1 28,0 
67.9 9.77 3.13 2.23 302 3.1 9.6 13.6 903 9.2 28,8 
66.8 10.57 3.51 2.I43 321 3.0 9.1 . 13.2 1081 1S.2 30,8 
69.U n.6o 3»Sh 2.hh 337 2.9 9.5 13.8 V. 1103 9.5 31.1 
67.8 10.08 3.25 2.28 30it 3.0 9.k 13.it 971 9.6 29.8 
68.7 9.89 3.10 2.1;2 320 3.2 10.3 13.2 673 6,8 21,7 
68.8 9.35 2.92 2.28 272 2.9 9.3 11.9 636 6,8 21.8 
68.6 9.20 2.89 2.25 281 3.0 9.7 12o5 636 6.9 22.0 
70.9 9.9U 2.90 2.28 282 2.8 9.7 12.3 611 6.2 21.1 
68.7 8.06 2.52 1.98 257 3.2 10.2 12.9 53U 6.6 21.2 
69.1 9.29 2.86 2.2U 282 3.0 9.8 12,6 618 6.7 21.6 
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Table XI Bo^y weights and nitrogen metabolism of rats fed diets containing nitrogen pi 
from SEAA-II# 
Series 
Study 
Bxperiiaent 
Diet Distribation of nitrogen in daily dose Bat Bo<^5r weight 
No 
• 
of andno acid mixture fed 
/ 
nuB r^ 
/ 
Average Change Cha 
Essential zii- Non-essential nitrogen during from dux 
trogen pro^ provided b7 NEAA-H meta­ beginning met 
Tided by EM-II bolism to end of bol 
period period on pex 
diet 
mga gnu gm# gn 
12 38 10 56975 358 -16 
56996 3l;2 - 1 
$TOhh 361 - 8 
smk 3I48 h 
57120 356 - 8 -
57132 332 11 
Average 350 - 3 
12A 38 20 56995 330 -U 
57008 339 - 8 
570li3 363 - 6 
57065 326 3 
57101 3h8 - 2 -
57118 366 6 
Average 3li5 - 1; 
12B 38 30 5697ii 3I1O 5 
57001 366 10 
57018 362 - 1 -
57055 3li6 8 
57093 363 X -
57117 351; a 
Average 355 2 
• 

.ets containing nitrogen proTided ly MA-II supplemeated -with graded doees of nitrogen 
Series II 
Study A 
Bxperiment Four 
Boc^ jr weight Nitrogen metabolism 
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitarogen 
riiiyiwer from during fed nitrogen nitrogen nitrogen balance balance/ 
meta­ beginning iseta- excreted 300 gau 
bolism to end of bollsa rat 
period period on period 
diet 
gm. gm. gm. ng. IBg* 10g« ng. IQg. mg. 
358 -16 -li Ii2$ 191 326 517 -92 
-77 
3h2 - 1 7 1425 132 283 las 10 9 
361 - 8 0 1;25 177 283 ii6o 
-35 -29 
3h8 h 3 ii25 19it 261 h$S -30 -26 
3$6 - 8 li25 169 290 li59 -3U -29 
332 11 6 li25 180 265 105 -20 -18 
350 - 3 2 hZ$ nk 285 169 -3U -28 
330 -lit 1; 1*71 190 331 521 -50 -li6 
339 - 8 0 liTl 205 318 523 -52 -1,6 
363 - 6 0 U71 172 293 1^ 5 6 -5 
326 3 3 1^ 71 198 306 501; -33 -30 
3ii8 - 2 -2 U71 178 322 500 -29 -25 
366 6 3 itTl 196 297. li93 -22 -18 
3li$ - U 1 U71 190 311 501 -30 -26 
3hO 5 1 529 185 360 550 -21 -19 
366 10 2 529 181 283 lj6U 65 53 
362 - 1 529 181 369 550 -21 -17 
3li6 8 5 529 181 366 Ski -18 -16 
363 - 1 •"3 529 180 105 S9$ -66 -55 
35U 8 9 529 189 280 1J69 60 51 
355 2 5 529 183 3li6 529 0 0 
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Table XI Continoed 
Diet Distributioa of iiitrogen in daily dose Sat Bod^  weight 
No* of amino acid laixtitre fed nuinber 
Average Change c 
Essential ni- Non->essential nitrogen during froa d 
trogen pro- provided l^ sr HEAA-II iQeta> beginning n 
vided Iff EAA-II bolism to end of b 
period period cm P 
diet 
wg, lag. gm. gm» 
12C 38 IiO 57009 3ii5 -11 
5705U 328 . k
57081 31*6 0 
57119 361 - 1 
57135 365 1 
57171 360 111 
A^ rage 351 0 
12D 38 $0 56985 366 2 
57007 3U6 9 
570U2 3U7 1 
57078 3li2 6 
57103 365 2 
57231 362 6 
Average 355 h 
12E 38 60 56991 332 h 
5.79la 368 2 
57079 3U7 2 
57125 353 5 
. 5713U 362 7 
57172 31*3 6 
Average 351 U 

Bcxty veight Nitrogen isetabolism 
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Hitrogen 
during froa chiring fed nitrogen nitrogen nitrogen balance balaxice/ 
insta- beginning laeta- excreted 300 gau 
bolisK to end of boliss rat 
period period on period 
diet 
gm. gra* gIB« nga log* ssg« iQg* rag. ng« 
3hS «11 -5 581t 16U h09 593 - 9 - 8 
328 - u 3 5Sh 189 llOl 590 - 6 - 5 
3U6 0 1 58U 182 m 581 3 3 
361 - 1 -2 58U 178 369 5h7 37 30 
365 1 -1 581i 170 li03 573 U 9 
360 lU 5 58U 188 393 581 3 2 
351 0 0 58U 182 396 578 6 5 
366 2 3 617 186 li5o 636 -19 -16 
3U6 9 15 617 185 378 563 51* U7 
3U7 1 "h 617 212 ^2 6i;U -27 -23 
3U2 6 12 617 212 hhB 657 -IjO -35 
365 2 -7 617 215 502 717 -100 -82 
362 6 12 617 176 ia9 595 22 18 
355 h 5 617 198 U38 635 -18 -15 
332 h 2 65U 167 ii32 599 55 50 
368 2 2 65k ; 216 530 71^8 -91; -76 
3U7 2 1 651t : 188 m 681 -27 -23 
353 5 -2 65It ! 180 51i3 723 -69 —58 
362 7 2 6514 • 187 hip. 628 26 21 
310 6 2 e5k 21U i^2 666 -12 10 
351 U 1 e5h 192 U82 67U -20 -17 
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Table XII Liver weights and concentrations of laoisture, fat and nitrogen in the livs 
sapplonsonted with graded doses of nitrogen from HEM-II. 
Series 
Stud;;^  
E^ qjerimsn 
Diet Distribution of nitrogen in daily dose Bat 
I£o« of aioino acid ndxture fed norober 
Essential ni­
trogen pro-
Tided by BAA-II 
Non-essential nitrogen 
proYidsd by KEAA-II 
body 
weight 
in nitro­
gen meta-
bdLisia 
period 
Per cent 
iQoistxire 
in liver 
Fr 
Bg* mg. gnu g' 
38 10 56975 358 71.0 9 
56996 3li2 70.it 7 
$70kh 361 68.9 8 
$709h 3h& 69.7 8 
57120 356 69»k 8 
57132 332 69.9 7 
Average 350 69.9 8 
12A 38 20 56995 330 69.9 7 
57008 339 70.5 8. 
570li3 363 70.3 8, 
57065 326 70.7 7. 
57101 3li8 69.8 8. 
57118 366 70.1 8. 
Average 3ij5 70.2 8, 
5697U 3l<0 70.U 8. 
57001 366 70.1 8. 
57018 362 70.2 8. 
57055 31»6 69.2 7. 
57093 363 6l.k 8< 
57117 35U 69.1 7< 
Average 355 69.U 8, 
12B 38 30 

in in the livers of rats fed diets contairdng nitrogen provided lay EAA-H 
Series II 
Study A 
Ezperiasent Four 
'er cent Hepatic fat 
loisture Weight of liver Hepatic nitrogen (alcohol-ether extract] 
ji liver 
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis­
fat-free on basis of sue on basis of 
Fre^  Dry Dry Fresh Dry 
vs -Height "Height fat-free traight veigbt 
glB. gra. rag. gm. 
TleO 9.68 2.81 2.142 282 2.9 10.0 n.7 392 1;.0 ll;.0 
70.ii 7.7it 2.30 1.93 251; 3.3 11.1 13.2 368 1;.8 16.0 
68.9 8.17 2.51i 2.10 262 3.2 10.3 12,5 liltl 5.1; 17. ii 
69.7 8.11^  2.1t7 2.06 2li9 3.1 10,1 12.1 l;0l; 5.0 16.3 
69.lt 8.38 2.56 2.15 279 3.3 10.9 13.0 106 5^ 0 16.2 
69.9 7.96 2.1jO 2.0U 26h 3.3 11.0 12.9 350 1;.!; ll;.6 
69.9 8.3li 2.51 2.12 26k 3.2 10.6 12.6 .395 i;.8 15.8 
69.9 7.2U 2.18 1.77 252 3.5 11.6 lha 102 5.7 18.9 
70.5 8.22 2.1i2 2.05 278 3.1; 11.5 13.6 377 U.6 15.5 
70.3 8.56 2.51t 3.00 278 3.2 10.9 13.3 ia;7 5.2 17.6 
70.7 7.66 2.25 1.90 255 3.3 01.1; 13.1; 350 i;.6 15.6 
69.8 8.1a 2.5U 2.2ii 277 3.2 10.9 12.U 300 3.5 11.8 
70.1 8.96 2.68 2.18 279 3.1 lo.U • 12.8 iss 5.5 18.5 
70.2 8.18 2.i»li 2.0b 270 3.3 11.1 13.3 397 1;.8 16.3 
70.U 8.35 2.ii7 2.02 28it 3.1; 11.5 ll;.0 liU9 5.U 18.2 
70.1 8.62 2.57 2.17 295 3.1; 11.5 13.6 m iu7 15.8 
70.2 8.57 2.56 2.16 289 3.1; 11.3 13.1; 392 1;.6 15.3 
69.2 7.92 2.1ili 2.08 2614 3.3 10.8 12.7 360 1;.5 Uk*7 
67.1; 8.01 2.61 2.09 279 3.5 10.7 13.3 518 6.5 19.8 
69.1 7.99 2.39 1.93 256 3.2 1D.7 13.3 159 5.8 18.6 
69.lt 8.2U 2.51 2.08 278 3.1; 11.1 13.1; la 5.2 17.1 
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Table III Coatintted 
Diet Distribution of nitrogen in daily dose Rat 
No* of aodAO acid idxture fed nusS}er 
Bssential ni­
trogen pro­
vided by EAA-II 
Son-essential nitrogen 
provided HB/lA-n 
Average 
body-
weight 
in nitro­
gen loeta-
bolissz 
period 
Per cent 
moisture 
in liver 
Fresl 
IQg. lage gra. ga. 
12C 38 ijO 57009 3li5 69.7 7.25 
5705U 328 70.2 6.9c 
57081 3i»6 70.7 7.75 
57219 361 69.2 s.oe 
57135 365 68.5 7.75 
5717X 360 69.8 8.^  
Average 351 69.7 7.7: 
12D 38 50 56985 366 69.2 8.6c 
57007 3U6 69.9 IM 
5701;2 3U7 69.8 7.61 
57078 3U2 69.2 l.hi 
57103 365 69.6 7.8c 
57131 362 69.2 7.9? 
Average 355 69.5 7.85 
12B 38 60 56991 332 70.0 7.2s 
57oia 368 69.U 8.62 
57079 M 69.8 7.1ii 
57125 353 68.2 7.23 
5713U 362 68.il, 7.9c 
57172 3li3 68.8 7.71 
Average 351 69.1 7.7c 

Per cant 
moisttire 
in liver 
Weight of liver Hepatic nitrogen 
Hepatic fat 
(alcoholoether extract) 
Fresh Dxy Diy Total Per cent in tissue Total Par ccnt in tis 
fat-free on basis of sue on basis of 
Fresh Dry Dry Fresh Doty 
weight weight fat-free weight weight 
gm. gm. gnu log. gBU 
69.7 7.25 3.00 1.87 267 3.7 12.2 114.3 329 i4.5 15.0 
70.2 6.90 2.06 1.73 251 3.6 12.2 lii.5 331 16.1 
70.7 7.75 2.27 1.90 259 3.3 ll.il 13.6 368 i;.8 16.2 
69.2 S.06 2.U8 3.00 268 3.3 10.8 12.8 385 i*.8 15.5 
68.5 7.79 2.ij6 1.87 26U 3.U 10.8 lij.1 586 7.5 23.9 
69.8 8.62 2.60 2.08 279 3.2 10.7 13. U 520 6.0 20.0 
69.7 7.73 2.3U 1.92 265 3.1t 11.3 13.8 lt20 5.k 17.8 
69.2 8.60 2.6U 2.18 288 3.U 10.9 13.2 li68 5.1i 17.7 
69.9 7.1i6 2.2li 1.86 251i 3»h 11.3 13.6 38U 5.2 17a. 
69.8 ?.61i 2.31 1.86 269 3.5 10.7 lli.5 5.9 19.1i 
69.2 7.i»2 2.29 1.90 2it9 3.U 10.9 13.1 389 5.2 17.0 
69.6 7.80 2.37 1.92 261 3.3 11.0 13.6 163 5.8 19.1 
69.2 7.98 2.U6 2.0U 269 3.1i 10.9 13.2 h2l 5.3 17.1 
69.5 7.82 2.39 1.96 265 3.U 11.0 13.5 la7 5.5 17.9 
70.0 7.25 2.17 1.76 21a 3.3 11.1 . 13.7 lao 5.7 18.9 
69.1i 8.63 2.6ii 2.lit 29l» 3.1t U.1 13.8 506 5.9 19.1 
69.8 7.1i7 2.26 1.82 261 3.5 11.6 lli.3 U38 5.9 19.k 
68.2 7.21 2.29 1.87 250 3.5 10.9 13.1i 1;25 6.0 18.5 
68.U 7.90 2.50 1.9k 259 3.3 lo.U 13.U 560 7.1 22.U 
68.8 7.7it 2.ia 1.93 256 3.3 10.6 23.2 U8l 6.2 19.9 
69.1 7.70 2.38 1.91 260 3.U 10.9 13.6 U70 6.1 19.7 
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Table XIII weights and nitrogen metabolism of rats fed diets containing nitro| 
Serie 
Stud 
Experime 
Diet Distribution of nitrogen in daily dose Rat 
of amino acid inixbxare fed number 
Bodsr weight 
Essentisbl 
amino acid nitro­
gen provided by 
EM-III 
Non-essential 
nitrogen provided 
by HEM-II 
Average Change Cb 
during from du 
neta- begiiming me 
bolism to end of bo 
period period on pe 
diet 
mgo sg* 
X3 39.5 10 
gni. gm. 
58562 391 -16 
58561i 33k 8 
58570 328 h 
58588 326 2 
58736 300 - 2 
58767 339 3 
Average 336 0 
13A 39.5 3Ji.5 5855U 31J5 9 
58563 37li 10 
58569 329 9 
58587 358 5 
58731 285 7 
58760 3U3 10 
58895 3lt2 - 8 
58832 316 5 
58881 359 - 7 
59056 3k9 h 
59002 339 0 
59062 316 7 
Average 3U3 k 

3ts containing nitrogen provided by EAA-III supplemented with graded doses of nitrogen from NEM-II 
Series II 
Study A 
Experiment Five 
Body weight Nitrogen metabolism 
rage Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogan 
Ing from daring fed nitrogen nitrogen nitrogen balance balance/ 
ii- beginning meta­ excreted 300 gm. 
Lsm to end of bolism rat 
Lod period on period 
diet 
su gnu g®» rag. rsg. ng* zng. Big* isg. 
51 -16 0 lilS 182 327 509 -91; -72 
3k 8 7 lil5 I8h 303 li87 -72 -6^  
28 it 5 las 166 302 i;68 -S3 -ii9 
26 2 h 105 190 279 ii69 -50 
00 - 2 5 m 170 27U -29 -29 
39 3 6 105 167 2li6 103 2 2 
36 0 h !»15 176 288 il6l4 "h? -14 
h$ 9 8 559 191 287 h78 81 70 
7h 10 7 559 198 298 hps 63 50 
29 9 9 559 190 335 525 3U 31 
58 5 7 559 180 310. 5a 38 32 
85 7 8 559 169 29U 1:63 96 101 
h3 10 6 559 175 307 lt82 77 67 
li2 - 8 U 612 19ii lt05 • 599 13 11 
iii5 5 3 612 167 356 523 89 77 
i59 
- 7 1 612 203 ia9 622 -10 - 8 
U9 E 7 612 219 36U 583 29 25 
!39 0 6 612 180 373 553 59 52 
ti.5 7 7 612 187 32li 511 101 88 
U 6 586 188 3U2 530 56 50 
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table nil Continued 
Diet Distribution of nitrogen in daily dose Rat 
of asiino acid mixture fed nuniber 
Bot^  weigbt 
Bssential 
aioino acid nitro­
gen provided hy 
EAA-III 
Non<-essential 
nitrogen provided 
by HEAA-II 
Average Change Cha 
during from dur 
msta- beginning raat 
bolism to end of bol: 
period period on per 
diet 
zng. gM. 
39.5 16 58857 33U 7 
S903k 3U8 2 
58899 3U3 3 
58878 3U2 6 
59065 355 0 
58999 352 9 
Average- 31:6 k 
13C 39.5 58990 356 3 
5901ii 336 10 
59033 327 5 
59088 329 6 
59601; 355 3 
Average 3ia 5 

Body weight Nitrogen metabolism 
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
during from during fed nitrogen nitrogen nitrogen balance balance/ 
meta­ beginning meta­ excreted 300 gm. 
bolism to end of bolism rat 
period period on period 
diet 
gm. gm. gm. mg« mg. mg. mg* mg. mg. 
33U 7 10 660 155 392 587 73 66 
2 3 660 193 37U 567 93 80 
3li3 3 5 660 170 387 557 103 90 
3U2 6 5 660 208 i407 615 h$ liO 
355 0 660 220 392 612 ijO 
352 9 6 660 195 IjDO 595 65 56 
3ii6 li 6 660 19? 392 589 71 62 
356 3 2 810 220 503 723 87 73 
336 10 7 810 195 li36 631 179 160 
327 5 :> 810 17U h3h 608 202 185 
329 6 810 223 502 725 85 77 
355 3 7 810 208 U8l 689 121 102 
3ia 5 5 810 20U kn 675 135 119 
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Table 117 Liver weigirts and concentrations of raoisture, fat and nitrogen of livers 
with graded doses of nitrogen from KEAA-II, 
SsTi 
St\ 
p^erisae 
Diet Distribution of nitrogen in daily dose 
No. of amino acid ndxture fed 
Essential amino Non«essential nitrogen 
acid nitrogen provided by J3EAA-II 
provided 
EAA-II 
Eat 
niiii4>er 
Average 
boQ(y 
weight 
in nitro-!-
gen meta­
bolism 
period 
Per cent 
moisture 
in liver 
Fi 
13 
wg, 
3%S 10 
gnu g 
58562 391 70.5 9 
58561i 33ii 71.2 8 
58570 328 70.1 7 
58588 326 - 69.1j. 7 
58736 300 69.0 6 
58767 339 69.0 7 
Average 336 69.8 8 
13& 39.5 3ii.5 5855U 3li5 69.5 7 
58563 37li 69.7 8 
58569 329 70.2 8 
58587 358 69.2 8 
58731 285 72.0 6 
58760 31x3 ' 69.3 7 
58895 3li2 69.1 t 
58632 3i45 - 69.8 8 
58881 359 69.5 8 
59056 3li9 68.7 8 
59002 339 69.8 8 
59062 3li5 69.0 8 
Average 69,6 8, 

gen of livers of rats fed diets ccmtaimlng nitrogen provided by EM-III supplemented 
Series II 
Study A 
Sxpsriaent Five 
Per cant Hepatic fat 
moistiare Weigjit of liver Hepatic nitrogen (alcohol-ether extract) 
in liver 
Presh n-Biy Dxy T^otal Per cent in tissue Total Per cent in tis-
U fat-free on basis of sue on basis of 
Fresh Dry Diy Fresh Dry 
weight veight fat-free weight veight 
gm. gm« gnu ing. mg. 
70.5 9.2li 2.73 2.11; 300 3.2 11.0 lli.O 590 6.ii 21,6 
71.2 8.62 2.1i8 1.87 278 3.2 11.2 II1.9 611 7.1 2U.7 
70,1 ?.7li 2.32 1.69 250 3.2 10.8 lli.8 622 8.0 26.8 
69.ii 7.6$ 2.3li 1.76 215 3.2 10.5 13.9 581i 7.6 2iio9 
69.0 6.96 2.16 1.61 227 3.3 10.5 114.1 552 7.9 25.5 
69.0 7.79 2.U2 1.83 255 3.3 10.5 13.9 581 7.5 24.1 
69.8 80OO 2.ia 1.82 259 3.2 10.8 II4.3 590 7.ii 2U.6 
69.5 7.62 2.32 1.81 26it 3.5 n.U lli.6 512 6.7 22.0 
69.7 8.ii8 2.56 1.99 290 3.k 11.3 IU.6 575 6,8 22.U 
70.2 8.05 2,ltO 1.87 275 3.k 11.5 Hi. 7 53h 6.6 22.2 
69.2 8.97 2.76 2.12 298 3.3 10,8 1U.1 638 7.1 23.1 
72.0 6.83 1.91 1.1*8 232 3.1* 12.1 15.7 li35 6.it 22.8 
69.3 7.86 2.I4I 1.85 269 3»h 11.2 lh.$ 560 7.1 23.2 
69.1 '^ 81 2,1)2 1.86 258 3.3 10.7 13.9 558 7.1 23.1 
69.8 8.18 2.h7 1.9h 256 3.1 10.it 13.2 528 6,h 2Uh 
69.5 8.50 2.59 2.02 283 3.3 10.9 II4.0 570 6.7 22.0 
68.7 8.68 2.72 2.1ij 275 3.2 10.1 12.9 572 6.6 a.i 
69.8 8,67 2.62 2.13 271 3.1 10.3 12.7 I489 5.6 18.7 
69.0 8.6? 2.69 2.05 265 3.1 9.9 12.9 633 7.3 23.1^ 
69.6 8.20 2,Ji9 I.9J* 270 3.3 10.9 lluO 550 6.7 22.1 
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Table ZIV Continued 
Diet Distribution of nitrogen in daily dose Sat 
No* of amino acid mixture fed nuniber 
Essential amino 
acid nitrogen 
proYidad by 
EAA-II 
Non-essential nitrogen 
proTided by HEM-II 
Average 
bo(^  
•sreight 
in nitro­
gen assta-
bolisni 
period 
Per cent 
moistTire 
in liver 
rag» m* i 
13B 39.5 iS 58857 69.ii 1 
5903U 3it8 68,8 t 
58899 3U3 69.0 r 1 
58878 68.U r ( 
59065 355 68.8 i 
58999 352 69.6 £ 
Average 3li6 69.0 5 
13C 39.5 60 58990 356 68,2 7 
590ik 336 68.9 7 
59033 327 68.8 7 
59088 329 68.8 7 
598olt 355 67.8 8 
Average 3ia 68.5 7 

Per cent Hepatic fat 
moistttre Weight of liver Hepatic nitrogen (alcohol-ether extract) 
in liver 
Fresh Dry Dry Total Per csnt in tissue Total Per ceait in tis-
fat-free on basis of sue cai basis of 
Fresh Diy Dry Fresh Dry 
weight weight fat-free veight veight 
gBU gnu gm. ng. 
69.1i 7.it2 2.27 1.72 2li2 3.3 10.7 lli.l 553 7.5 2li.U 
68.8 8.12 2.53 1.91 266 3.3 10.5 13.9 616 1.6 2lj..lt 
69,0 7.90 2.15 1.87 261 3.3 10.7 liuO 581 7.i4 23.7 
68.lt 7.97 2.52 1.89 259 3.2 10.3 13.7 625 7.8 2li.8 
68.8 8.52 2.66 1.98 28ii 3.3 10.7 lit.3 680 8.0 25.6 
69.6 8.2lt 2.50 i.?e 266 3.2 10.6 13.lt 521 6.3 20.8 
69.0 5.03 2.U9 1.89 263 3.3 10e6 13.9 596 7.1i 23.9 
68.2 7.82 2.it9 1.79 271 3.5 10.9 15.1 702 9.0 28.2 
68.9 7.99 2.ii8 1.87 265 3.3 10.7 II4.2 618 7.7 2J;.9 
68.8 7.17 2.2U 1.68 21^ 8 3.5 11.1 lii.8 557 7.8 2li.9 
68.8 7.36 2.29 1.72 21;7 3.a 10.8 Ih.h 571 7.8 2ii.9 
67.8 8.ii9 2.73 2.08 275 3.2 10.1 13»2 650 7.6 23.8 
68.5 7.77 2.15 1.83 263 3.ii 10.7 lli.3 620 8.0 25.3 
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Table XV Bod^  weights and nitrogen metabolism of rats fed diets containing nitrogen ] 
of non-essential amino acids or from ^ utamic acid alone, 
Seilej 
Studj 
Diet Bistribtttion of nitrogen in daily dose Rat 
of amino acid mxture fed number 
Botfy weight 
Bssantial nitrogen Non->essential 
nitrogen 
Quantity Source Quantity Source 
Average 
during 
ineta-
bolisiQ 
period 
Change 
from 
beginning 
to end of 
period on 
diet 
lU 
Ig. mg. gnu gm. 
3U EAA.I 1^ 0 Glutamic 55022 318 -13 
acid 55036 336 -29 
55259 323 -2li 
55066 328 'Ih 
55097 361 -16 
55073 331 - 9 
Average 333 -18 
15 38 m-n 36 Glutamic 55122 33U 2 -3 
acid 55257 337 7 0 
55052 373 - 1 -1 
55100 335 - U 0 
51i993 321 - 6 0 
55067 370 - 6 0 
Average 3it5 - 1 -1 

liets containing nitrogen provided by EM-I or EAA-II supplemented with nitrogen from a mixture 
i alone. 
Series II 
Stu«5y B 
Bo<fy weight Nitrogen metabolism 
Average Change Change Nitrogen Fecal Urinaiy Total Nitr(^ en Nitrogen 
during from daring fed nitrogen nitrogen nitrogen balance balance/ 
msta- beginning meta- excreted 300 gm. 
bdlisiQ to end of bolisBi rat 
period period on period 
diet 
gliU gm. gm. Dig* log. rag. mg. mg. mg. 
318 -23 -1 578 189 663 852 -27li -259 
336 -29 -8 578 203 681 881i -306 -273 
323 '2h -9 578 196 631 827 -2li9 -231 
328 -lii -1 578 189 629 818 -2liD -220 
361 -16 -li 578 191; 6ia 835 -257 -2li4 
331 - 9 -3 578 185 587 772 -19U -176 
333 -18 -J; 578 192 639 831 -253 -229 
331; 2 -3 576 177 393 570 6 5 
337 7 0 576 179 393 572 li 
373 - 1 -1 576 186 369 555 21 17 
335 - h 0 576 18U 381 565 11 10 
321 - 6 0 576 I81i ia7 601 -25 -23 
370 - 6 0 576 197 li26 623 'hi -38 
3U5 - 1 -1 576 185 396 581 5 - k 
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Table X7I Liver weights and concentration of moisture, fat and nitrogen of livers of : 
•Kith nitrogen fron a laixttire of non-essential amino acids or from giutaraic ; 
Series 
Study 
Diet Distribution of nitrogen in daily dose of 
Ho. amino acid laixture fed 
Essential nitrogen Nonoassential nitrogen 
Rat 
nuitiser 
Quantity Source Quantity Source 
Average 
body 
wsiglrb 
in nitro­
gen cssta-
bolism 
period 
Per cent 
Moisture 
in liver 
Fresl 
lag. ittg* gnu gau 
3h EM-I 1}0 Glutaadc 55022 318 68.2 8.02 
acid 55036 336 69.7 7.8S 
55259 323 69.6 7.33 
55068 328 69.9 7.35 
55097 361 67. h 9.31 
55073 331 69.6 7.89 
Average 333 69.1 7.97 
15 38 EAA-II 36 Glutamic 
acid 
55122 33h 69.7 9.05 
55257 337 69.1 8.70 
55052 373 69.1 9.00 
55100 335 69.9 7.81 
5h993 321 67.9 8.00 
55067 370 68.0 9.68 
Average 315 69.0 8.71 

n of livers of rats fed diets containing nitrogen provided ty EAA-I or EAA-II supplemented 
from glutamic acid alone. 
Series II 
Study B 
Per cent Hepatic fat 
moisture Weight of liver Hepatic nitrogen (alcohaL-ether extract) 
in liver 
Fresh Dry Dry- Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of 
Fresh Dry Dxy Fresb Dry 
weight weight fat-free weigi& weight 
gm. gm. gnu log. sig. 
68.2 8,02 2.55 2.18 256 3.2 10.0 11.8 37U k.7 lii.9 
69.7 7.89 2.39 1.99 209 2.6 8.8 10.5 lj02 5.1 16.8 
69,6 7.33 2.23 1.73 2hh 3.3 11.0 1U.1 502 6.8 22.U 
69.9 7.39 2.22 1.69 2U8 3.1i 11.2 13.2 336 li.5 15.1 
67. 9.31 3.0U 2.1;8 2h9 2.6 8.2 10.0 558 6.0 18.U 
69«6 7.89 2.JjD 1.96 2^ 2 3.1 10.1 12.3 li33 5.5 18.1 
69.1 7.97 2.1^ 7 2.0ii 2ia 3.0 9.9 12.0 h3k 5.ii 17.6 
69.7 9.05 2.7li 2.29 2Sl 2.8 9.2 11.0 U52 5.0 16.5 
69.1 8.70 2.69 2.16 273 3.1 10,1 12.7 535 6.12 19-. 9 
69.1 9.00 2.78 2.33 291 3.2 10.5 12.5 1j50 5.b 16.2 
69.9 7.81 2.35 2.10 2li8 3.2 10.6 11.8 252 3.2 10.7 
67.9 8.00 2.57 2.22 2la 3.0 9.h 10.9 350 h.h 13.6 
68.0 9.68 3.09 2.69 288 3.0 9,3 10.7 liOl h.l 12.9 
69.0 8.71 2.70 2.30 265 3.0 9.3 11.6 iiD7 h.6 15.0 
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Table T?ll Body weights and nitrogen metaboliaa of rats fed diets containing essenti 
being fed. 
Seri 
Stui 
Eaperia 
Diet Source and quantity oi" essential nitro- Eat Boctjr weight 
Ho. gen in daily dose of oonino acid rixburs nonber 
fed 
Average Change Ciaai 
during from dur; 
Sousrce Qaantity isBta- beginning aseti 
bolism to end of bol: 
period period on per; 
diet 
mg* gm. gnu 
16 £M->I oiily 3li 501ii7 3hh -12 -i 
50161 365 -15 -S 
5032k 3hl -16 
50330 3I46 
- 7 i 
5C)3ii3 329 -17 -1 
50359 332 -16 -"J 
Average 3hh -lU -5 
l6a EM-I txnly 71; 50li29 351 0 -i 
50ii35 371 -19 1 
50liii3 3Qk It 
50lt77 382 - 6 -2 
50U83 359 h 
Average 369 - h -1 
17 EAA-U only 38 57689 367 -16 T. 
51691 363 - 9 2 
Bins 33li -13 3 
57768 3U9 -13 -2 
58338 322 -19 0 
58368 312 -13 1 

i diets cmtaining essential aiaino acid nitrogsn cail;>-, thiree mixtures of varjixg nutritive value 
Series II 
Study C 
E^ eriiaent One 
Body weight Kitrogen laetabolism 
Average Cliange Change Kitrogen Fecal Urinary- Total Nitrogen ititrogen 
during from during fed nitrogen nitrogen nitrogen balance balance/ 
usta- beginning BBta- excreted t 300 gm. 
bolism to end of bolism rat 
period period on period 
diet 
gm. gnu gm. mg. rag. mg. mg. nig. 
3lili -12 -l4 3h9 206 lao 616 -267 -233 
365 -15 -9 3h9 196 ioi 607 -260 -212 
3kl -16 -6 3h9 211i 375 589 -2l<0 -207 
3b6 
- 7 h 3k9 198 m 6hh -295 -257 
329 -17 -7 3h9 193 373 566 -217 -198 
332 -16 -7 3h9 199 385 58h -235 -212 
3hh —111 -5 3h9 201 ItOO 601 -252 -220 
351 0 'h 691 201 5h9 750 - 59 - 50 
371 -19 1 691 216 611 827 -136 -no 
36h h 0 691 220 523 7is3 - 52 - ho 
382 - 6 -2 691 2ia 606 8h7 -156 -123 
3$9 h 2 691 196 528 72h - 33 - 27 
369 - h -1 691 215 56h 778 - 87 - 70 
367 -16 1 319 222 291 513 -19ii -159 
363 - 9 2 319 211 257 h68 -lli9 -123 
33U -13 3 319 197 27h hn -152 -136 
3h9 -13 -2 319 182 252 ibli -115 - 99 
322 -19 0 319 179 2U7 1I26 -107 -100 
312 -13 1 319 236 272 508 -189 H
 
CO
 
ro
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Table XVII Continued 
Diet Source and quantity of essential nitro- aat Bocfer weight 
No« gen in daily dose of amino acid mixture number 
fed 
Average Change C] 
during from dt 
Source Quantity msta- beginning 
bdisiD to end of b( 
period period on 
diet 
mg. g!n. gm. 0 
17a EM-II only TU 57695 338 - h 
57739 351i "Ih 
snhh 382 - U 
57753 336 7 
58330 325 - 3 
58360 359 - h 
Average 3^ 9 •h 
18 EAA-III only 39.5 59563 338 2 
59Uii3 369 
- h 
59612 339 - 5 
59537 3U7 -10 
59512 363 - 2 
59578 3ij3 - h 
Average 350 
- h 
I8a EM-ni aaly 7k 595iil 377 9 
59506 379 7 
591M 357 5 
59577 356 12 
59561 35U 8 
Average 365 8 

Bodbr weight Nitrogen nEtabolism 
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
during from during fed nitrogen nitrogen nitrogen balance balance/ 
Bseta- beginning iseta- excreted 300 gm» 
bc^ ism to end of bolism rat 
period period on period 
diet 
gm. gm. gm. ng* mg. mg. mg» mg. mg* 
338 - h 6 602 177 Ijl5 592 10 9 
351i -111 2 602 226 I4O5 631 -29 -25 
382 
- h 2 602 195 397 592 10 8 
336 7 7 602 21it 397 611 - 9 - 8 
325 - 3 5 602 19ii 322 516 86 80 
359 - k 3 602 195 3l;2 537 65 51i 
3U9 "h U 602 200 380 580 22 19 
338 2 0 359 199 297 196 -137 -122 
369 - h 5 359 199 30li 503 -m -117 
339 - 5 2 359 211i 315 529 -170 -i5o 
3U7 -10 0 359 21h 3li9 563 -20li -176 
363 - 2 2 359 203 315 518 -159 -131 
31»3 - li 1 359 185 311 lt96 -137 -120 
350 -li 2 359 202 315 517 -158 36 
377 9 7 609 186 381i ' 570 39 31 
379 7 5 609 186 I4O3 589 20 16 
357 5 5 609 18k 366 550 59 50 
356 12 8 609 191 372 563 ii6 39 
35U 8 2 609 185 377 562 h7 l;0 
365 8 5 609 186 380 56? h2 35 
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Table XVIII Li^ r -weights and concentrations of moisture, fat and nitrogen of livers 
three mixtures of varying mtritive Talus being fed* 
Serie 
Stud 
Sjcperin 
Diet Source and quantity of essential nitro- Hat Average Per cent 
No* gen in daily dose of asdno acid ndxtiire zxoinber body moisture 
fed weight in liver 
; in nitro­
gen meta- F3re 
Source Quantity bolism 
period 
"" ' g'" ' " 
\ ®g* gm. gm, 
16 em-i only 3ii SolU? 3i5 69.0 8.j 
50161 365 65,U $.( 
5032U 3I47 68,1 8.j 
50330 3li6 67.8 8.] 
5Q3k3 329 68.7 7.< 
50359 332 69,14 8.: 
Average 3l4ii 68,6 8.2 
16a, eaa-i only 7U 5o1;29 357 68,7 8*i 
50lt35 llOl 69.3 9.S 
50l4i;3 392 69.1 8.1 
501^ 77 390 59.6 8.i 
50lt83 372 68.2 8.= 
Average 382 69.0 8.£ 
17 BM-II only 38 57689 367 68.1; 8,6 
57697 363 68,8 8,£ 
57726 33it 68,8 8.3 
57768 3U9 68.2 8.6 
58338 322 68.U 7.9 
58368 312 68.9 6.1, 
Average 3ia 68.6 8.1 

•ogen of livers of rats fed diets containing essential amino acid nitrogen only. 
Series II 
Study C 
Esperiraent One 
Per cent 
iiioist\ire Weight of liver Hepatic nitrogen Hepatic fat 
in liver _____________________ (alcohol-etfaer extract) 
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of 
Fresh Dry Dry Fresh Dry 
weight weight fat^ free weight weight 
gnu gnu gm. mg. nig. 
69.0 8.28 2.57 1.91 2it7 3.0 9.6 12.9 655 7.9 25.5 
68.U 9.08 2.86 2.07 271 3.0 9.5 13.1 7914 8.7 27.7 
68.1 8.23 2.62 1.87 2ii0 2.9 7.6 12.8 752 9.1 28.7 
67.8 8.11 2.62 1.97 2U8 3.0 9.5 12,6 6it5 7.9 214.6 
68,7 ?.6U 2.39 1.7U 23li 3.1 9.8 13.U 652 8.8 27.2 
69. U 8.39 2.57 2.00 231 2.8 8.9 11.6 568 6.8 22a 
68.6 8.29 2.61 1.93 2ii5 3.0 9.2 12.7 678 8.2 26.0 
68.7 8w59 2.68 2.02 258 3.0 9.6 12.8 665 7.8 2I4.8 
69.3 9.92 3.6U 2.1t6 316 3.2 8.7 12-,8 581 5.8 19.1 
69.1 8.M 2.62 2.0U 266 3.2 10.2 13.0 580 - 6.9 22.2 
69.6 8.a 2.53 2.00 292 3.3 11.0 II4.I 565 6.7 22.1 
68.2 8.57 2.73 2.10 282 3.3 10.3 . 13.it 625 7.3 22.9 
69.0 8.80 •2..73 2.12 281 3.2 10.0 13.2 603 6.9 22.2 
68.1i 8.69 2.75 2.10 301 3.5 11.0 lk»3 65U 7.5 23.8 
68.8 8.66 2.70 2.08 292 3.it 10.8 114.0 626 7.2 23.2 
68.8 8.30 2.59 1.96 281 3.h 10.9 114.3 626 7.6 2I4.2 
68.2 8.62 2.7ii 2.00 256 3.0 9.3 12.8 7ii3 8.6 27.1 
68.U 7.93 2.51 1.90 2149 3.1 9.9 13.1 608 7.7 214.3 
68.9 6.1^ 6 2.01 lohh 223 3.ii 11.1 15.5 573 8.9 28.5 
68.6 , 8.11 2.55 1.91 267 3.3 10.5 114.0 639 7.9 25.2 
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Table SJIII Coritinuad 
Diet Source and quantity of essential nitro- fiat 
No. gen in daily dose of amino acid ndxtiire nuiober 
fed 
Source Quantity 
Average 
body 
uteight 
in nitro­
gen nseta-
bolism 
period 
Per cent 
moistxire 
in liver 
Fresh 
Tag, 
17A EAA-II only 7h 
gm. gm. 
57695 338 67.6 7.S5 
57739 35U 67.1 8.22 
577hh 382 67.3 8.ii2 
57753 336 66.5 7.61 
58330 325 68.6 7.7ij 
58360 359 66,3 6.22 
Average 3U9 67.2 6,01 
18 EAA-III only 39.5 59563 338 70.3 7.81j 
59ljl*3 369 69,9 6.38 
59612 339 70.0 7.hk 
59537 3U7 68.6 8.25 
59512 363 58.9 8,8ii 
59578 3U3 69.8 8.2i. 
Average 350 f>9»S 6.17 
18A EAA-III only 7U 5951a 377 69.2 8.53 
59506 379 70.0 8.38 
59hhh 357 68.7 7.58 
59577 356 68.6 9.17 
59561 35k 70.0 8.10 
Average 365 69.3 8.35 

Per cent 
moistiira 
in iivsr 
Wsigiit of lirer Hepatic nitrogen Hepatic fat 
(alcohol-ether extract) 
Fresh Ury Dry Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of 
Fresh Diy Dry Fresh Ciy 
veight weight fat-free weight weight 
gm. gst. gm. mg. 
67.6 7.8S 2.5ii 1.95 272 5.5 10,7 13.9 595 7.6 23.1; 
67.1 8e22 2.71 2.00 289 3.5 10.7 ll;.l; 710 8.6 26.2 
67.3 8.I42 2.75 2.08 291 3.5 10.6 ll;.0 670 8.0 2I4.3 
66.5 7.61 2.55 1.80 214; 3.2 9.6 13.6 7l;7 9.8 29.3 
68.6 ulk 2.1;3 1.86 256 3.3 10.5 13.8 566 7.3 23.2 
66,3 8.22 2.77 2.15 272 3.3 9.8 12.7 619 7.5 22.1; 
67.2 o.Ol 2.62 1.97 271 3.1; 10.3 13.7 651 8.1 2h.8 
70.3 7.81; 2.33 1.81 269 3.1; 11.5 111.9 520 6.6 22.1; 
69.9 8.38 2.52 1.96 279 3.3 11.1 lk.2 559 6.7 22.2 
70.0 l.hk 2.2ii 1.78 261; 3.6 11.6 114.8 hSh 6.1 20 o3 
68.6 8.25 2.59 2.06 260 3.2 10.0 12.6 532 6.1; 20.5 
68.9 6.81^  2.75 2.20 275 3.1 10.0 12.5 551; 6.3 20.2 
69.8 8.21; 2.i;9 2.01 257 3.1 10.3 12.8 i;83 5.9 19.1; 
69.6 8.17 2.1i9 1.97 267 3.3 10.8 13.6 517 6.3 20.8 
69.2 8.53 2.63 1.95 295 3.5 11.2 15.1 67k 7.9 25.7 
70.0 8.38 2.52 1.9h 292 3.5 11.6 15.1 580 6.9 23.0 
68.7 7.58 2.37 1.78 267 3.5 11.3 15.0 597 7.9 25.2 
68.6 9.17 2.88 2.28 280 2.0 9.7 12.3 596 6.5 20.7 
70,0 8.10 2.143 1.89 280 3.5 11.5 11;. 8 5U1; 6.7 22.1; 
69*3 8.35 2.56 1.97 283 3.1; 11.1 ll;.5 598 7.2 23J; 
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Table XTT weigjits and nitrogen aetabolism of rats fed diets containing graded dos 
Series 
Study 
Experimez 
Diet Quantity of nitrogen in daily dose of Eat Boc^ jr wei^ t 
No. EAA-III number 
Average Change Cbang 
during from darin 
ireta- beginning rasta-
bolism to end of bolis 
period period on perio 
diet 
Big* gm. gm. gnu 
50 59519 360 2 
59li87 33h 0 5 
59570 3hh -3 -1 
59it90 369 -3 0 
59625 362 -5 3 
59579 3h6 3 0 
Average 352 -2 2 
59562 350 -6 2 
59505 3h$ -1 10 
59580 3hO -3 0 
59528 359 9 7 
5959ii 376 0 1 
59536 355 2 2 
Average 351; 0 3 
5956U 3ia 7 3 
59626 379 lii 3 
59593 372 2 li 
59U91 349 10 11 
5953ii 36J4 5 5 
Average 361 8 5 

liets containdng graded doses of nitrogen provided by essential amino acids only (EAA-III). 
Series II 
Study C 
Experiment Two 
Body wei^ t Kitrogen metabolism 
Lverage Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
hiring from daring fed nitrogen nitrogen nitrc^ en balance balance/ 
asta- beginning meta­ excreted 300 gm. 
>olism to end of bolism rat 
)eriod period on period 
diet 
gnu gm. gnu rag* mg. mg. mg. mge mg* 
360 -ii 2 1<55 211 337 -89 -7U 
33U 0 5 li55 193 329 522 -67 -60 
3hh -3 -1 1*55 211 3it2 553 -98 -86 
369 
-3 0 li55 207 360 567 -112 -91 
362 -5 3 1<55 2la 359 600 -lij5 -120 
3h6 3 0 i;55 190 323 513 -58 -5o 
352 -2 2 1j55 209 3i4l 550 -95 -80 
350 -6 2 530 208 h02 610 —80 -69 
3h$ -1 10 530 182 3lt8 530 0 0 
3hO -3 0 530 210 387 597 -67 -59 
359 9 7 530 201 356 557 -27 -23 
376 0 1 530 213 ii78 691 -161 -128 
355 2 2 530 213 lai 62U -9U -80 
3$h 0 3 530 20 k 397 601 -71 —60 
3ia 7 3 680 176 llOl 577 103 91 
379 Ik 3 680 182 ilOl 586 9it 7I4 
372 2 ii 680 181 i;Jt8 629 51 ia 
3h9 10 11 680 187 loo 597 83 71 
36h 5 5 680 196 ii38 63h 1(6 38 
361 8 5 680 185 1)20 605 75 63 
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Table XX Liver coi^ osition and concentrations of moisture, fat and nitrogen of livers 
by essential amno acids (EAA-III), 
Series : 
Study ( 
Experinenl 
Diet Quantity of nitrogen in daily dose of Hat Average Per cant 
No. iEM-III number bo<^  nroisture ¥« 
weight in liver 
in nitro­
gen laeta- Fresh 
bolism 
period 
gm. gm. 
59519 360 69.9 7.8< 
59li87 33li 70.5 8.0: 
59570 3Jili 70.7 7.7: 
59lt90 369 68.2 7.7S 
59625 362 69.ii 8.7C 
59579 3hS 68.7 7.5c 
Average 352 69.6 7.95 
59562 350 69.1^  8.1: 
59505 3h$ 70.0 7.iiC 
59580 3hO 69.3 6.71 
59528 359 69.8 8.iiC 
5959h 376 68.0 9.95 
59536 355 68.5 8.5i 
Average 35U 69.2 8.2c 
59561t Bin 69.it 7.9s 
59626 379 69.5 8.5? 
59593 372 68.7 9.53 
59li91 3U9 68.9 9.01 
59531* 361; 68.0 9.5: 
Average 361 69.0 8.9s 

trogen of livers of rats fed diets containing graded doses of nitrogen pjrovided 
Series U 
Study C 
Experiment Two 
Per cent Hepatic fat 
moisture Weight of liver Hepatic nitrc^ ea (alc(diol-ether extract) 
in liver 
Fresh Dry IJry Total Per cent in tissue Total Per cent in tis­
fat-free on basis of sue on basis of 
Fresh Dry Diy Fre^  Dry 
weight -uei^ t fat-free weight weight 
gm. gm. gm. mg. mg. • 
69.9 7.86 2.U7 1.80 275 3.5 11.1 15.3 669 8.2 27.1 
70.5 8.03 2.10 1.52 2I4I 3.0 11.5 15.9 57ii 8.1 27.3 
70.7 7.73 2.10 1.61t 250 3.2 11,9 15.2 ii58 S,h 21.8 
68.2 7.79 2,ii8 1.93 277 3.6 11.2 lii.li 5i»6 7.0 22.0 
69.lt 8.76 2.68 2.Oil 288 3.3 10.8 lii.l 6ij2 l.h 21;.0 
68.7 7.50 ?.59 1.99 263 3.5 10.2 13.2 601 7.3 23.2 
69.6 7.95 2.ii0 1.82 266 3.1t 11.1 lii.7 582 7.ii 2i|.3 
69. 8.13 2.1i9 1.88 278 3.k 11.2 lii.8 603 7.ii 2lu2 
70.0 7.ijO 2.22 1.66 255 3.U 11.5 15. U 558 7.5 25.1 
69.3 6.77 2.08 1.60 2ii2 3.6 11.6 15.1 1I75 7.0 22.9 
69.8 8.J40 2.5ii 1.9li 277 3.3 10.9 U.3 599 7.1 23.6 
68.0 9.95 3.18 2.1t5 29h 3.0 9.2 12.0 733 l.k 23.0 
68.5 8.51i 2.69 2.08 272 3.2 10.1 13.1 603 7.0 22.U 
69.2 8.20 2.53 1.9U 270 3.3 10.7 lii.l 595 7.2 23.6 
69.il 7.92 2.U2 1.85 282 3*6 11.6 15.2 571 7.2 23.6 
69.5 8.58 2.62 1.97 293 3*h 11.2 lii.9 6U6 7.5 2lt.7 
68.7 9.53 2.99 2.1i2 308 3.2 10.3 12.7 569 6.0 19.0 
68.9 9«0li 2.81 2.23 258 2.8 9.2 11.6 579 6.U 20.6 
68.0 9.53 3.Oil 2.36 300 3.2 9.9 1?.7 682 7.2 22 .it 
69.0 8.92 2.78 2.17 290 3.2 10.il 13.li 597 6.9 22.3 
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Table XXI Body weights and nitrogen metabolism of rats fed diets containing nitroger 
the L- or DL- form* 
Serie 
Stud 
Experia 
Diet Nitrogen in daily 
No* dose provided 
Quantity and optical Rat 
form of threonine in noisber 
ration 
Body weight 
Average 
daring 
lasta-
bolism 
period 
Change 
from 
beginning 
to end of 
period on 
diet 
gm. gm. 
57689 367 -16 
57691 363 - 9 
57726 33U -13 
57768 3li9 -13 
58338 322 -19 
58368 312 -13 
Average 3ia 'Ih 
g 
57181 360 7 
57188 363 5 
57198 36U k 
57203 3li8 7 
57211 31J5 7 
57218 350 5 
57226 321 h 
57237 316 6 
Average 350 5 
57659 36k -11 
57667 3hO - 2 
57738 338 -15 
57779 3ia <» 8 
58332 3ia -17 
58367 315 -29 
Average 3ij0 -li4 
17 BM-II only 0.2% L-
19 EAA-U on3y DL-
20 EM-in on3y 0*2% L-

Lets containing nitrogen provided by EAA-II or EAA-III in •which tias threonine is present in eithar 
Series II 
Stu{^  D 
Experiment one 
Boi^  weight Nitrogen metabolism 
rerage Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen 
iring from during fed nitrogen nitrogen nitrogen balance balance/ 
}ta- beginning n»ta- excreted 300 gm. 
}lism to end of bolism rat 
jriod period on paariod 
diet 
gm. gm. gBU IBg, ng. mg. mg. mg* Qg» 
367 -16 1 319 222 291 513 -19ii -159 
363 - 9 2 319 211 257 ]i68 -1U9 -123 
33lt -13 3 319 197 27li li71 -152 -136 
3li9 -13 -2 319 182 252 ii3lt -115 - 99 
322 -19 0 319 179 2h7 lt26 -107 -100 
312 -13 1 319 236 272 5o8 -189 -182 
3ia -lii 1 319 20k 266 U70 -151 -133 
360 7 3 351 176 295 hn -120 -100 
363 5 2 351 172 268 hho - 89 - 7U 
36U h 3 351 189 330 519 -168 -139 
3li8 7 -5 351 192 288 U80 -129 -111 
31<5 7 10 351 170 285 li55 -lOii - 90 
350 5 10 351 183 295 ii78 -127 -109 
321 h -1 351 17h 255 ii29 - 78 - 73 
3hB 6 •"7 351 193 316 509 -158 -137 
350 5 2 351 181 292 1^ 73 -122 -lOii 
361t -11 1 309 193 253 hh6 -137 -113 
3hO - 2 U 309 179 26k hh3 -13U -118 
338 -15 -3 309 177 270 lih? -138 -122 
3ia - 8 3 309 199 283 IS2 -173 -152 
3ia -17 -1 309 192 2ii8 hho -131 -115 
315 -29 1 309 185 251j h39 -130 -12li 
3iiO —lii 1 309 188 262 160 -iia -12li 
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Table XII Continued 
Diet Hitrogen in daily Quantity and optical Rat Bo<fy weight 
Ho. dose provided by form of threonine in nuniber 
ratioa 
Average Change Chang 
during from durii 
meta- begizming osta-
bolism to end of bdi 
period period on peric 
diet 
gm, g33u gnu 
18 SM-in only OM DL- 58539 328 - 9 ii 
58561 312 5 5 
58565 325 - 1 2 
58576 3^ 48 - 5 
58729 280 - 1 
58757 328 - 5 
Average 321 - 3 

Bcx^ jr weight Nitrogen metabolism 
Average Change Change Nitrogen Fecal Urinary Total Hitrogen Nitrogen 
rfUTi ng from fed nitrogen nitrogen nitrogen balai^ e balance/ 
oeta* beginning njsta- 300 g3u 
bolisBi to end of bolism 
period period on period 
diet 
gm. gnu gm. mg. mg* rag. mg. rag. B|g« 
328 
- 9 U 3k7 153 261 lilit -67 -61 
312 5 5 3li7 17U 266 lUiO -93 -89 
325 - 1 2 3hl 160 258 UL8 -71 -65 
3hS ~ 5 k 3U7 185 298 i483 -135 -116 
280 - 1 3 3U7 l61i 269 li33 -80 -90 
328 
-5 6 3h7 190 287 li77 -130 -119 
321 
- 3 h 3h7 171 273 itWi -97 -90 
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Table TgTT Liver nQights and concentrations of moisture, fat and nitrogen of livers o 
which the threonine is present in either the L- or HL-fora. 
Serie 
Stad 
E3q>erin 
Diet Nitjpogen in 
Ko« daily dose 
provided fey 
Quantity and optical Rat 
form of threonine in nujnber 
ration 
Average 
bo<ty 
weight 
in nitro­
gen iQsta-
bolisn 
period 
Per cent 
moisture 
in liver 
Weig 
Fresh 
1? m-n 
only 
0.2^L-
gm. gm. g 
57689 367 68.J; 8.69 2 
57697 363 68.8 8.66 2 
57726 33lt 68.8 8.30 2 
57768 3U9 68.2 8.62 2 
58338 322 68.1i 7.93 2 
58368 312 68^ 9 6.1j6 2 
Average 3ia 68.6 8.11 2 
19 EM-n 
only 
Oai(^ DL~ 57181 360 70.lt 8.21^  2 
57188 363 70.1 8.80 2 
57198 36k 70.6 8.20 2 
57203 3li8 70.2 7.85 2 
57211 31*5 70.2 8.38 2 
57218 350 70.3 8.60 2 
57226 321 70.7 7.65 2 
57237 315 70.0 7.95 2 
Average 350 70.3 8.21 2 

itrogem of livers of rats fed diets containing nitrogen provided SIAA-II or EAA-III in 
ortiu 
Series II 
Stu<ty D 
SxperiiQsnt One 
Per cent 
moisture Weight of liver 
in liver 
Fresh Diy Diy Total Per cent in tissue Total Per cent in tis-
fatofree on basis of sue on basis of 
Hepatic fat 
Hepatic nitrogen (alcohol-ether extract) 
Fresh Dry Dry Fresh Dry 
weight weight fat-free weight weight 
gm. gm. gm. l&ga iqg. 
68.1; 8.69 2.75 2.10 301 3.5 11.0 IU.3 65U 7.5 23.8 
68.8 8.66 2.70 2.08 292 3.h 10.8 lk,Q 626 7.2 23.2 
68.8 8.30 2.S9 1.96 281 3,k 10.8 lii®3 62? 7.6 2k.2 
68.2 3.62 2.7lt 2,00 256 3.0 9.3 12.8 7h3 8.6 27.1 
68,li 7.93 2.51 1.90 2li9 3.1 9,9 13.1 608 7.7 2U.3 
68.9 6.ij6 2.01 l.iilt 223 3.1i 11,1 15.5 573 8^ 9 28.5 
66.6 8.11 2.55 1.91 267 3.3 10.5 lii.0 639 7.9 25.2 
70.h 8.21; 2.1;li 2.08 258 3.1 10.6 12.it 358 U.I4 lh,7 
70.1 8.80 2.63 2.28 275 3.1 10.5 12.0 31JS 3.9 13.1 
70.6 8.20 2.a 2.07 270 3.3 11.2 13.0 335 li.l 13.9 
70.2 7.85 2.3i; 2.03 258 3.3 11.0 12.7 311 h.O 13.3 
70.2 8.38 2.50 2.15 262 3.1 10.5 12.2 3i;9 h,2 lli.0 
70.3 8.60 2.55 2.20 261 3.0 10.2 11.8 3k9 h,l 13.7 
70.7 7.65 2.21; 2.00 2ia 3.2 10.8 12.0 21(0 3.1 10.7 
70.0 7.95 2.38 2.01 269 3.U 11.3 13,h 371 h,7 15.6 
70.3 8.21 2.i)li 2.10 262 3.2 10.7 12.U 332 h,0 13.6 
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Table X2II Continued 
Biet Nitrogen in Quantity and optical Rat Average Per cent 
Mo« daily dose form of threonine in number boctjr moisture Weigi 
prorridad ration weight in liver ' 
in nitro­
gen meta- Fresh 
holism 
period 
I 
gnu gnu 
20 EM-m 0.2^ L- 57659 3Sh 68.2 8,7ii 
only 57667 3iiO 67.U 7.95 
57738 338 68.U 8.27 
57779 3la 67.7 8.88 
58332 3ia 68.3 8.29 
58367 315 67.8 7.72 
Average 3l<0 68.0 8.31 
18 EAA-III O.lijgDL- 58539 328 70.7 8.02 
only 58561 312 70.1; 7.52 
58565 325 70.0 7.Uli 
58576 3li8 70.0 8.27 
58729 286 69.9 6.65 
58757 328 70.3 7.59 
Average 321 70.2 7.58 

Per cent Hepatic fat 
moisture Weight of liver Hepatic nitrogen (alcohol-ether extract) 
in liver 
Fresh Dry Total Per cent in tissae Total Per cent in tis-
fat-fres on basis of sue on basis of 
Fresh Diy Diy Fresh Diy 
veight veight fat-free veight weight 
gni. gm. gm. ing. og. 
68.2 8.7U 2.78 2.15 281 3.2 10.1 13.1 629 7.2 22.8 
67.U 7.95 2.60 1.90 258 3.2 9.9 13.6 691 8.7 26.6 
68.U 8.27 2.61 2.02 250 3.0 9.6 12.it 592 7.2 22.7 
67.7 8.88 2.87 2.16 263 3.0 9.2 12.2 70ii 7.9 2it.5 
68.3 8.29 2.62 2.02 256 3.1 9.8 12.7 602 7.3 23.0 
67.8 7.72 .2.ij9 1.86 235 3.0 9.i+ 12.6 627 8.1 25.2 
68.0 8.31 ,2.66 2.02 257 3.1 9.7 12.8 6ia 7.7 2it.2 
70.7 8.02 2.35 1.83 258 3.2 11.0 lit.l 52it 6.5 22.3 
70.it 7.52 2.22 1.67 231 3.1 10.lt 13.8 552 7.3 2lt.8 
70.0 7.iat 2.23 1.72 2ltU 3.3 10.9 llt.2 507 6.8 22.7 
70.0 8.27 2.1i8 1.93 266 3.2 10.7 13.8 556 6.7 22olt 
69.9 6.65 2.00 1.53- 228 3.1i ll.lt lli.9 it75 7.1 23.7 
70.3 7.59 2.25 1.7U 255 3.1t 11.3 lit. 7 513 6.8 22.8 
70.2 7.58 2.25 1.7U 2U7 3.3 11.0 lli.2 521 6.9 23.1 
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Table XXIII Body weights and nitrogen metabolism of rats fed diets containing nitro, 
in either the L- or 12.- form. 
S3ri< 
Stu( 
Experii 
Diet Nitrogen in daily Qaantity and form of Eat Body weight 
No. dose provided by threonine fed munber 
Average Change Chi 
during from dU3 
metar beginning mel 
bolism to end of bo3 
period period on pel 
diet 
gm. gm. 
21 EM-III (39.5 mg.N) 0.2,^  L- 58889 336 
NMA-II (3U.5 mg.N) 590ia 332 0 
59001 326 -6 
58858 362 -1 
58993 361 -6 
59063 3ii7 1 
Average 3iili -3 
22 EAA-III (39.5 ing.N) 0.h% L- 59015 3hh -5 
NEAA-II (3ii.5 ing.N) 58992 350 3 
58867 3ii5 3 
59087 3ii5 -17 
59802 321 -11; 
59118 333 9 
Average 3ii0 
-h 
13A EAA-III (39.5 nig.!}) 0.1^ 5 DL— 58895 3li2 -8 
NMA-II (3ii.5 ng.N) 58832 3I45 5 
58881 359 -7 
59056 3li9 h 
59002 339 0 
59062 7 
Average 3it6 0 

I diets containing nitrogen provided by EM-III and MEAA-II in iriiich the threonine is present 
Series II 
Study D 
Ejqjeriinent Two 
Body weight Nitrogen metabolism 
Lverage Change Change Nitrogen Fecal Urinary Total Hitrogen Nitrogen 
huring from dujring fed nitrogen nitrogen nitrogen balance balance/ 
[»tar beginning meta­ ,excreted 300 gm. 
)olism to end of bolism rat 
jeriod period on period 
diet 
gm. gm. gm. mg. mg. mg. mg. mg. rag. 
336 -It 7 5ia 208 308 516 25 22 
332 0 8 5141 190 325 515 26 23 
326 -6 6 5ia 188 lt35 623 -82 -76 
362 •• 5a 205 391 596 -55 -li6 
361 -6 1 5ia 191 359 550 - 9 - 7 
3li7 1 7 51il 190 338 528 13 11 
3kh -3 6 5ia 195 359 SSk -13 -12 
3iai -5 3 568 203 377 580 -12 -10 
350 3 7 568 199 31^ 7 51^ 6 22 19 
3ii5 3 5 568 177 300 ii77 91 79 
3liS -17 1 568 200 31*1 5ia 27 23 
321 -Ih 1 568 169 •338 507 61 57 
333 9 1 568 199 368 567 1 1 
3itf) 'h 3 568 191 3it5 " 536 32 28 
3l;2 -8 612 19li lj05 599 13 11 
3li5 5 3 612 167 356 523 89 77 
359 -7 1 612 203 10.9 622 -10 - 8 
3li9 h 7 612 219 36ii 583 29 25 
339 0 6 612 180 373 553 59 52 
7 7 612 187 32h 511 101 88 
0 5 612 192 31k 566 he la 
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Table 2XIV Liver veights and concentrations of moisture, fat and nitrogen of liversoJ 
in ^ ich the threonine is present in either tba L- or DL-form. 
Series 
Stuotsr 
Expsrifflsal 
Diet Nitrogen in daily 
No. dose provided l]f7 
Quantitj and optical Rat 
foTHi of threonine in ismber 
ration 
Average 
bodQr 
•Height 
in nitro­
gen mata-
bolisa 
period 
Per cant 
moistiare 
in liver 
Fi 
21 EM-HI (39.5 mg.H) 0.2^  L-
HEAA-II (3U-5 fflg.N) 
58889 336 68.5 8 
590ia 332 68.8 7 
59001 326 69.6 7 
58858 362 69.3 8 
58993 361 68.U 8 
59063 3it7 69.U 8 
Average 3hh 69.0 8 
22 EM-ni (39.5 mg.K) 0.h$ L-
NEAA-U (3U.5 iBg.N) 
59015 3kh 68.8 8 
58992 350 68.5 8 
53867 3h5 69.1 8 
59087 31^ 5 69.U 7 
59802 321 69.3 8 
59118 333 68.7 9 
Average 3liO 69.0 8 
13A EAA-III (39.5 mg-K) Q.h% DL-
HEAA-II (3lu5 fflg.N) 
58895 3li2 69.1 7 
53832 3l;5 69.8 8 
58881 359 69.5 8, 
59056 3U9 68.7 8, 
59002 339 69.8 8, 
59062 3lj5 69.0 8, 
Average 32|6 69.3 8, 

)gen of liversof rats fed diets containing nitrogen provided by SM-III and NEAA-II 
>na. 
Series II 
Stu(^ y D 
Expsrimant Two 
Per cant Hepatic fat 
moisture Weight of liver Hepatic nitrogen (alcohol-etfaer extract) 
in liver 
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis" 
fat-free en basis of sue on basis of 
Fresh Dry Dry Fresh Dty 
•wei^ t veight fat-free weight veigfat 
gra. gnu gm. lag. log. 
68.5 8.28 2.60 1.95 270 3.3 10. u 13.8 652 7.9 25.0 
68.8 7.76 2.1i2 1.86 262 3.U 10.8 liul 566 7.3 23.i^  
69.6 7.01 2.13 1.56 235 3.1i 11.0 15.1 570 8.1 26.7 
65^ .3 8.58 2.63 2.06 27U 3.2 lO.Ji 13.3 575 6.7 21.8 
68.U 8.57 2.69 2.05 269 3.1 10.0 13.1 638 7.ij 23.8 
69.U 8.1{d 2.59 2.05 269 3.2 10.lt 13.1 5ia 6.h 20.9 
69.0 8.11 2.51 1.92 263 3.2 10.5 13.8 590 7.3 23.6 
68.8 8.03 2.50 1.87 278 3.5 11,1 lli.9 633 7.9 25.3 
68.5 8.91 2.80 2.09 285 3.2 10.2 13.6 716 8.0 25.5 
69.1 8.01 2.1i8 1.87 278 3.5 11.2 IU.9 606 7.6 2h.5 
69.U 7.31 2.2lt 1.73 261 3.6 11,6 15.1 510 7.0 22.7 
69.3 8.37 2.57 2.00 257 3.1 • 10.0 12.8 573 6.8 22.3 
68.7 9.19 2.88 2.25 291 3.2 10.1 12.9 630 6.6 21,9 
69.0 8.31 2.58 1.97 275 3.3 10.6 lluO 611 7.1t 23.7 
69.1 7.81 2.a 1.86 258 3.3 10.7 13.9 558 7.1 23.1 
69.8 8.16 2.U7 1.9lt 256 3.1 10.it 13.2 528 6.U 21»h 
69.5 8.50 2.59 2.02 283 3.3 10.9 lU.0 570 6.7 22.0 
68.7 8.68 2.72 2.1ii 275 3.2 10.1 12.9 572 6.6 21.1 
69.8 8.67 2.62 2.13 271 3.1 10.3 12.7 U89 5.6 18.7 
69.0 8.67 2.69 2.05 265 3.1 9.8 12.9 633 7.3 23.6 
69.3 8.1i2 2.58 2.02 268 3.2 10. Ji 13.3 558 6.6 21.6 
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Table XXV Bod^  weights and nitrogen nietabolisia of rats when t3ae amino acid mixtxirs (] 
sources of carbohydrate. 
Series 
Stuc 
Diet Source of carbo- Quantity and source Rat Body weight 
No» igrdrate in ration of nitrogen in one number 
day's quota of feed 
Average Change 
daring during 
meta­ meta-
bolism bolisai 
period period 
gm. gm. 
13A Dextrin EAA-in (39.5 mg.N) 59325 336 h 
NEAA-II (3LI.5 mg.N) 59389 320 7 
59380 339 5 
59352 330 9 
Average 331 6 
23 Starch EAA-III (39.5 mg.N) 59371 338 7 
NEAA-II (3li.5 xng.M) 59382 32ii h 
593i^ ) 346 5 
59361 327 8 
59395 331 5 
Average 333 6 
2k Dextrose EAA-in (39.5 mg,K) 59321; 33lt 
HEAA-II (3h»5 iag.N) 59398 335 -3 
5912h 358 -5 
59381 315 h 
Average 336 -1 
25 Sucrose EAA-in (39.5 mg.N) 59355 311 7 
NEAA-II Oh.S mg.N) 59383 319 3 
59360 332 5 
59399 325 9 
59327 373 it 
59326 339 5 
Average 333 6 

len the aroino acid rnixtxire (EAA-III plus NEAA-II) v/as incorporated in diets containing different 
Series III 
Studs'- A 
Body weight Nitrogen jRBtabolism 
Average Change Nitrogen Fecal Urinary- To-tal Nitrogen Nitrogen 
during during fed nitrogen nitrogen nitrogen balance balance/ 
meta- meta­ excreted 300 gnu 
bolisic bolism rat 
period period 
gm. gnu mg. fflg. mg. tag. mg. 
336 k 581 107 ia2 519 62 56 
320 7 581 181 36U 515 36 3h 
339 5 581 177 372 5lt9 32 28 
330 9 581 i66 36U 530 51 lt6 
3 331 6 581 158 378 536 it5 a 
338 7 612 112 388 500 112 99 
32li it 612 119 li02 521 91 8ii 
3li6 5 612 116 itifO 556 56 li9 
32? 8 612 108 it60 568 hk 1<0 
331 5 612 129 li77 606 6 5 
3 333 6 612 117 li33 550 62 55 
33U -1 563 137 588 725 -162 -11^ 6 
335 -3 563 121 512 633 - 70 -63 
358 -5 563 151 61;8 799 -236 -198 
315 563 lk9 i|85 63U - 71 - 68 
3 336 -1 563 lliO 559 699 -135 -119 
311 7 559 153 m 6I4I -82 -79 
319 3 559 lilt m 517 li2 iiO 
332 5 559 129 556 685 -126 -nit 
325 9 559 16U 167 621 -62 -57 
373 U 559 135 1495 630 -71 -57 
339 5 559 11j3 lt67 610 -51 -li5 
3 333 6 559 Hi) m 618 -59 -52 
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Table JUL Liver weights and concentration of moisture, fat and nitrogen of livers ol 
incorporated in diets containing different sources of carbohydrate. 
Series 
Studji 
Diet Source of 
No< carbohydrate 
in ration 
Quantity and source 
of nitrogen in one 
d^*s quota of feed 
Rat Average 
nuiE^r body 
weight 
in nitro­
gen meta­
bolism 
period 
Per cent 
moisture 
in liver 
Weig 
Fresh 
X3A Dextrin EAA-HI (39.5 mg. N) 
HEAA-II (3U.5 rag. N) 
gm. gnu i 
59325 336 67.7 7.76 S 
5938? 320 68.5 7.53 t 
59380 339 68.8 7.9k 2 
59352 330 68,7 Sa5$ t 
Average 331 - 68.U 7.97 S 
23 Starch EAA-in (39.5 lag. N) 59371 338 68.8 7.70 
HEAA-n (3lt.5 rag. N) 59382 32lt 68.6 7.6U 
5931<0 3h6 68.2 7.56 
i 59361 327 69.0 8.19 
59395 331 69.1 7.73 
Average 333 68.7 7.76 
2U Dextrose EAA-ni (39.51 rag. N) 
H) 
5932U 33U 69.6 7.52 
REAA-II (3li.5 rag. 59398 335 69.3 7.89 
5912U 358 68.li 7.68 
59331 315 69.8 7.15 
Average 336 69.3 7.56 

Itrogen of livers of rats when the amino acid mxt\ire (EAA-III plus HSAA-II) uas 
carbohydrate. 
Series III 
Study A 
Per cent 
moistuz^  
in liver 
Weight of liver 
Fresh Dry Dry 
fat-free 
Hepatic nitrogen 
Total Per cent in tissue 
on basis of 
Hepatic fat 
(alcohol-ether extract) 
Total Per cent in tis­
sue on basis of 
Fresh 
weight 
Dry 
weight 
Dry 
fat-free 
Fresh Dry 
weight weight 
gm. glQ* gm. 3%. mg. 
67.7 7.76 2,51 1.95 26k 3.1i 10.5 13.5 557 7.2 22.2 
680$ 7.>9 2.39 1.93 259 3,h 10.8 13.U it60 6.1 19.2 
68.8 7.9h 2.1t7 1.91 275 3.5 11.1 lii-*!; 568 7.2 23.0 
68.7 6«59 2^ 69 2.08 26h 3el 9.8 12.7 606 7.0 22.6 
. 68.U 7.97 2.52 1.97 266 3.1i 10.6 13.5 5U8 6.9 21.8 
68.8 7c70 2.1tO 1.81i 256 3.3 10.6 13.9 56U 7.3 23.lt 
68.6 7.6U 2.1iO 1.88 252 3.3 10.7 13.li 52ii 6.9 21.8 
68.2 7.56 2»hO 1.79 260 3.it 10.5 lli.5 611 8.1 25.U 
69.0 8.19 2.$h 2.06 265 3.2 10.8 12.9 U72 5.8 18.6 
69.1 7.73 2.39 1.85 2i|li 3.2 lO.U 13.2 51i0 7.0 22.6 
68.7 7.76 2.1i3 1.88 255 3.3 10.5 13.6 5it2 7.0 22 .it 
69.6 7.52 2.29 1.83 2li6 3.3 10.7 13.k U56 6.1 20.0 
69.3 7.89 2.i;2 1.97 261 3.3 10.8 13.2 153 5.8 18.7 
68.1). 7.68 2.1i3 1.85 27h 3.6 11.3 lli.8 580 7.5 23.9 
69.8 7.15 2.16 1.71 2it8 3.5 11.5 lit.5 iOvS 6.3 20.7 
69.3 7.56 2.32 1.81t 257 3.1t 11.1 lli.O it82 6.h 20.8 
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Tai^e XZVI Contintied 
Diet Source of 
No. carbohQTdrate 
in ration 
Quantity and soiurce Rat 
of nitrogen in ons number 
day's quota of feed 
Average 
bo<^ y 
weight 
in nitro­
gen !tteta-
bolism 
period 
Per cent 
moisture 
in liver 
Wsigi 
Fresh 3 
gia. gat. gi 
EAA-in (39.5 HJg. ») 59355 311 69,9 7.86 2, 
HEAA-II (3li.5 Big. JJ) 59383 319 70.0 8.03 2. 
59360 332 69.5 7.73 2, 
59399 325 69.S . 7.79 2. 
59327 373 68.8 8.76 2, 
59326 339 69,6 7.50 2. 
Average 333 69.6 7.95 2. 

Per cexxb Hepatic fat 
moisture height of liver Hepatic nitrogen (alcoliol-ether extract) 
in liver 
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis-
fat-frea on basis of sue on basis of 
Fresh Dry Dry Fresh Dry 
veight veight fat^free weight veight 
go. gn. gnu mg. mg* 
69.9 7.86 2.36 1.93 265 11.2 13.7 m 5.6 18.5 
70.0 8.03 2.ia 1.9U 273 3.1; 11.3 llt.l kn 5.9 19.5 
69.5 7.73 2.36 1.9li 286 3.7 12.1 llt.7 1416 5.1; 17.7 
69.8 . 7.79 2.36 1.85 270 3.5 n.li lii,6 505 6.5 21,h 
68.8 8.76 2.73 2,1k 301 3.1; 11.0 lk.l 596 6.8 21.8 
69.6 7.50 2.28 1.79 266 3.6 11.7 lii.9 U92 6.6 21.6 
69.6 7.95 2.it2 1.93 277 3.5 u.U lh.k ii86 6.1 20.1 
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Table XXVII Body VQights and nitrogen metabolism of rats when the amno acid inixfcare 
Talue* 
Series 
Stud 
Diet Caloric value of Quantity and source Rat Bocfy weight 
one day's quota of nitrogen in one munber 
of diet day's quota of diet 
Average Change Chan 
during from duri 
meta­ beginning meta^  
bolism to end of boli 
period period on peri 
diet 
Cal* gia. gnu gm 
13A 65 EAA-m (39.5 nig.N) 60619 . 358 11 1 
NEA&-II (3U.5 mg.S) 60571 336 7 r, 
60555 350 16 1: 
60692 352 8 i 
60587 3h9 10 V. 
60601 365 7 ' 
Average 352 10 1: 
26 So EM-m (39.5 ing.N) 60631 3U) -9 • 
KEM-II (3li.5 lag.H) 60581 336 -12 < 
60558 327 -9 • 1 
6066U 350 -16 J 
6o6lit 328 -8 ' 
60695 333 -7 < 
60685 339 -18 0  
• 60556 353 -9 t 
Aveiage 338 -U < 
27 35 EM-ni (39.5 rag.N) 60665 33.0 -36 
NEM-II (3ij.5 lOg.N) 60333 329 -ii2 
60602 309 -la 
60557 31U -i|2 m '  
606I8 301 -ii3 -3 
60573 312 -38 -C 
Average 312 -IP -] 

when the amino acid mxture (EAA-III plus KEAA-II) was incorporated in diets of varying caloilc 
Series lU 
Study B 
Body weight Nitrogen metabolism 
Average Change Change Nitrogen Fecal Urinaiy Total Nitrogen Nitrogen 
during from during fed nitrogen nitrogen nitrogen balance balance/ 
loeta- beginning fflsta- excreted 300 gBU 
bolism to end of bolism rat 
period period on period 
diet 
gia. gm. gm« mga mg. lag. mg. mg. mg* 
358 U 11 625 206 3ijO 5ii6 19 66 
336 7 12 625 21it 318 532 93 83 
350 16 12 625 201 329 530 95 81 
352 8 8 625 190 333 523 102 87 
3li9 10 15 625 226 333 559 66 57 
365 7 7 625 222 356 578 u7 39 
352 10 11 625 210 335 51i5 80 69 
310 
-9 7 666 208 lt38 61i8 18 16 
336 -12 7 666 216 1)57 673 -7 -6 
327 -9 7 666 235 ia»o 675 -9 -8 
350 -16 h 666 217 li59 676 -10 -9 
328 -8 7 666 199 135 63ii 32 29 
333 -7 9 666 186 363 5ii9 117 105 
339 -18 5 666 2l»6 • ii68 71ii -1;8 -li3 
353 -9 5 666 202 1;22. 62it li2 36 
338 -11 6 666 21k 6U9 17 15 
33.0 -36 1 685 167 663 830 -415 -llrf) 
329 -hZ -3 685 173 669 6ii2 -157 -lli3 
309 -la ' 3 685 172 661; 836 -151 -lli7 
311i -1|2 -3 685 168 6110 &08 -123 -118 
301 -li3 -1 685 165 691 856 -1?JL -170 
312 -38 -5 685 167 723 890 -205 -197 
1 312 -io -1 685 169 675 m -159 -152 
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Table X3CVIII Liver weights aiid concentrations of moisture, fat and nitrogen oi livers 
incorporated in diets of varying caloric value. 
Series 
StTiciy 
Diet Caloric value QuaiAity and source Hat Average Par cent 
No. of one day's of nitrogen in one nuasiber bo^ y moisture v?eig 
quota of diet day's quota of diet 'jeight in liver _______ 
in nitro­
gen lEsta- Fresh D 
bolism 
period 
CaX» 
13A 65 EM-in (39.5 fflg. H) 
KEAA-II {3li.5 iBg. N) 
gia. gm» g 
60619 358 69.7 8.62 2 
60571 336 69.2 7.9U 2 
60555 350 68.8 7.92 2 
60692 352 69.9 7.91 2 
60587 3h9 69.7 7.59 2 
60601 365 69.1i 7.80 2 
Average 352 69.U 7.96 2 
26 50 
27 35 
EAA-III (39.5 IBg. N) 60631 3ij0 69.0 7.10 2 
HSM-II (3U.5 mg. N) 60581 336 69.1 6.61 2 
60558 327 70.1 7.02 2 
6066U 350 68.6 7.11 2 
6061U 328 70.2 6.75 2 
60695 333 69.6 7.27 2 
60685 339 69.1 7.02 2 
60556 353 69.6 7.I46 2 
Average 338 69.U 7.0U 2 
EAA-m (39.5 N) 60665 310 69.2 6.59 2 
MEM-H (3I1.5 lag. H) 60633 329 68.6 6.60 2, 
60602 309 70.2 .6.mi 1, 
60557 31Ii 69.0 6.U6 2, 
606I8 301 70.0 6.16 1, 
60573 312 69.U 6.17 1. 
Average 312 69.li 6.1{0 1, 

ad nitrogen of livers of rats whan tne aiaino acid mjcbure (EM-III plus KEAA-II) was 
Series III 
Stiiciy E 
par cent Hepatic fat 
moisture Weight of liver Hepatic nitrogen (alcohbl-atber extract) 
in liver 
Frssh Dry Dry Total Par cent in tissue Total Par cent in tis­
fat-fre© on basis of sue on basis of 
Fresh Dry Diy Freaii Dry 
weight weight fat-JTrea weight weight 
gnu gau gis. lag. ffig. 
69.7 8.62 2.62 2.05 275 3.2 10.5 13.il 563 6.5 21.5 
69.2 7.9li 2,1J5 1.92 251 3.2 10.3 13.1 527 6.6 21.5 
68.8 7.92 2.1i7 1.83 260 3.3 10.5 lii.2 6ii7 8.2 26.2 
69.9 7.91 2.38 1.86 26U 3.3 11.1 lil.2 528 6.7 22.1 
69.7 7.59 2.30 1.77 263 3.5 ll.il lli.9 532 7.0 23.2 
69.it 7.80 2.38 1.86 271 3.5 ll.il lii.6 527 6.8 22.1 
69.tt 7.96 2,h2 1.88 26U 3.3 10.9 ll;.l 55ii 7.0 22.8 
69.0 7.10 2.20 1.7k 256 3.6 11.6 lii.7 li58 6.U 20.8 
69.1 6.61 2.0li 1.63 256 3.9 12.5 15.7 ia3 6«2 20.2 
70.1 7.02 2.10 1.63 253 3.6 12.1 15.5 ii66 6.6 22.2 
68.6 7.11 2.23 1.76 277 3.9 12.il 15.8 kTl 6.6 21.1 
70.2 6.75 2.01 1.56 257 3.8 12.8 16.1 I6k 6.7 22.6 
69.6 7.27 2.21 1.72 27k 3.8 12.k 15.9 ii89 6.7 22.1 
69.1 7.02 2.17 1.65 265 3.8 12.2 16.0 518 7.1i 23.8 
69.6 7.i|6 2.27 lo7li 286 3.8 12.6 I6.il 527 7.1 23.2 
69»k 7e0U 2.15 1.68 266 3.8 12.3 15.8 k7k 6.7 22.0 
69.2 6.59 2.03 1.6U 253 3.8 12.il 15.5 397 6.0 19.5 
68.6 6.60 2,07 1.65 263 U.0 12.7 15.9 i420 S,k 20.3 
70.2 6.iai 1.92 1.58 250 3.9 13.0 15.8 3ii2 5.3 17.8 
69.0 6,U6 2.00 1.61 260 iuO 13.0 16.1 393 6.1 19.6 
70.0 6.16 1.86 l.it9 230 3.7 I2.il 15.i; 366 5.9 19.7 
69.1i 6.17 1.89 1.53 2hh 1^ .0 12.9 15.9 357 5.8 18.8 
69 .U 6.2{0 1.96 1.58 250 3.9 12.7 15.8 379 5.9 19.3 
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Table 2XIX Carcass coiaposition of rats when the ataino acid laixtura (SM-III plus NSA 
Serie 
St'a 
Diet Caloric value of Quantity and source Rat Carcass Moisture 
Ko« one day's quota of nitrogen in one nuBiber weight _ 
of diet day's quota of diet 
Per Total 
cent weight _ 
P 
c 
Cal. gm. gBU 
13A 65 EAA-III (39.5 nig.H) 60619 316 62.5 216 3 
NEM-n (3li.5 Jag.N) 60571 323 61i.0 207 3 
60555 337 62.5 211 3 
60692 336 63.5 213 3 
60587 33h 62.6 209 3 
60601 352 63.2 222 3 
Average 338 63.0 213 3 
26 50 EAA-III (39.5 lag.N) 60631 326 6h.7 211 3 
NEAA-II (3U,5 mg.N) 60581 320 65.5 210 3 
60558 316 65.3 206 3 
6o661i 333 65.6 219 3 
606lli 312 66.9 209 3 
60695 311i 65.U 205 3 
63685 320 6h.h 206 3 
60556 331 65.0 215 3 
Average 321 65.it 210 3 
27 35 EAA-III (39.5 ng.N) 60665 290 65.8 191 3 
SEM-II (3lt.5 mg.S) 60333 303 67.1 203 3 
60602 287 67.5 19h 3 
60557 291 67.3 196 3 
60613 282 66.8 188 J 
60573 288 67.0 193 3 
Average 290 66.9 19il 3 

'.1 plus NSAA-II) was incorporatad in diets of varying caloric value. 
Series III 
Stu<fy B 
rture Dry matter Carcass nitrogen Carcass fat 
(alcoliol«'etlier extract) 
Total Dry Dry, fat-free Total Per cent expressed in Total Per cent expressed 
wsigbt terms of in terras of 
Per Total Per Total Fresh Dry ' Dry fat 
cent weight cent wei^t , weight weight free- Fresh Dry 
weight wsi^ Height 
glOa gm,. gm. gm. gm. 
216 37.5 129 23.1 79.7 11.9 3.U 9.2 llu9 ij9.3 lii.3 38.2 
207 36.0 116 2k.3 78.lt ll.li 3.5 9.9 U.6 37.6 11,6 32.1; 
211 37.5 126 22.5 75.7 11.6 3.ii 9.2 I5.il 50.3 111. 9 39.8 
213 36.5 123 23.5 79.1 11.7 3.5 9.5 lit. 7 ij3.9 13,1 35.9 
209 37. li 125 22.9 76.6 11.6 3.5 9.3 15.2 l;8.1i IU.5 38.7 
222 36.8 130 23.2 81,6 11.2 3.k 8.6 13.7 l;8.it 13.8 37.k 
213 37.0 125 23.2 70.5 U.7 3.5 9.3 liu8 I46.3 13.7 37.0 
211 35.3 115 23.0 75.0 11.8 3.6 10.2 15.7 IjO.O 12.3 3i;.7 
210 3lu5 110 22.8 73.1 11.6 3.6 10.6 15.9 36.9 12,7 36.9 
206 3hc7 no 22.9 72.1; 11.2 3.6 10.2 15.5 37.6 11.9 33.6 
219 3h.h llii 23.9 79*6 11.9 3.6 lO.k lli.9 32.0 9.6 28.0 
209 33.1 103 2it.2 75. li 11.3 3.6 11.0 15.0 27.6 8.8 26.7 
205 3ii.6 109 22,1 69.5 11.3 3.6 10. li 16.3 39.5 12.6 36.1; 
206 35.6 nil 22.7 72.5 n.ii 3.6 10.0 15.8 I4I.5 13.0 36.1; 
215 35.0 116 22.5 7ii.l 11.9 3.6 10.2 16^ P 1j1.6 12,6 35.9 
210 31.6 111 23.0 7li.O 11.6 3.6 lO.li . 15.6 37.1 U.7 33.6 
191 3li.2 99 21^ .3 70.5 10.8 3.7 10.9 15.8 28.5 9.8 28.7 
203 32.9 100 2lt.O 72.7 " 11.3 3.7 11.3 15.5 27.3 9.0 27.1; 
19Jt 32.5 93 25.0 71.6 10.8 3.8 11.7 15.1 21.it 7.1; 22.9 
196 32.7 95 23.8 69.3 10.8 3.7 n.it 15.6 25.7 8.. 8 27.0 
188 33.2 9k 2k. S 69.4 10.6 3.8 11.3 15.3 2ii.6 8.7 26.3 
193 33.0 95 2it.l 69.3 10.9 3.8 11.1; 13.7 25.7 8.9 27.1 
19k 33.1 96 2k.3 70.5 10.9 3.8 11.3 15.U 25.5 8.8 26,6 

